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Inhibitors of sepiapterin reductase and uses of sepiapterin
reductase inhibitors in analgesia, treatment of acute and
chronic pain, anti-inflammation, and immune cell regulation
are disclosed.
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SEPIAPTERIN REDUCTASE INHIBITORS

BACKGROUND

[0001] Tetrahydrobiopterin (BH4) is an enzyme cofactor
for various aromatic amino acid hydroxylases, including
phenylalanine, tyrosine and tryptophan hydroxylases, as
well as being an important cofactor for other enzymes such
as the nitric oxide synthases (inducible NOS (iNOS),
endothelial NOS (eNOS), and neuronal NOS (nNOS)), and
alkylglycerol monooxygenase. As such, BH4 is involved in
regulating production of various neurotransmitters (e.g.,
serotonin and dopamine) and nitric oxide. Deficiencies in
BH4 are associated with deficiencies in neurotransmitters
including serotonin and dopamine. Reduced BH4 produc-
tion is also associated with reduced pain sensitivity after
injury.

[0002] The last step in the de novo pathway for BH4
biosynthesis is conversion of 6-pyruvoyltetrahydropterin to
BH4 by the action of sepiapterin reductase. Sepiapterin
reductase (SPR) is inhibited by the clinically approved drug
sulfasalazine and other sulfa drugs, thereby interfering with
the de novo biosynthesis of BH4.

SUMMARY

[0003] Disclosed herein are compounds of formulae I, T',
1L, 10, 10, 1Ir, 1V, IV, V, and V', and pharmaceutically
acceptable salts thereof:
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[0004] Also disclosed are compositions (e.g., pharmaceu-
tical compositions) comprising one or more of the com-
pounds disclosed herein and a pharmaceutically acceptable
carrier.

[0005] Further disclosed are methods of using one or more
of the compounds disclosed herein, or a pharmaceutical
composition thereof. The methods include methods of inhib-
iting sepiapterin reductase (SPR), methods of treating a
subject suffering from pain, methods of treating a subject
suffering from inflammation, and/or methods of treating a
subject suffering from an immunological disorder.

[0006] These and other embodiments and features of the
present invention will become apparent from the following
detailed description of the preferred embodiments.
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DETAILED DESCRIPTION

[0007] Disclosed herein are inhibitors of sepiapterin
reductase (SPR) and uses of sepiapterin reductase inhibitors
in analgesia, treatment of acute and chronic pain, anti-
inflammation, and immune cell regulation. In mouse mod-
els, administration of an SPR inhibitor reduced pain hyper-
sensitivity and BH4 levels in target tissues (Latremoliere et
al., Neuron, 86:1393-1406 (2015)).

[0008] The use of the terms “a,” “an,” “the,” and similar
referents in the context of describing the invention (espe-
cially in the context of the claims) are to be construed to
cover both the singular and the plural, unless otherwise
indicated. Recitation of ranges of values herein merely are
intended to serve as a shorthand method of referring indi-
vidually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually
recited herein. The use of any and all examples, or exem-
plary language (e.g., “such as”) provided herein, is intended
to better illustrate the invention and is not a limitation on the
scope of the invention unless otherwise claimed. No lan-
guage in the specification should be construed as indicating
any non-claimed element as essential to the practice of the
invention.

[0009] As used herein, the term “alkyl” refers to straight
chained and branched hydrocarbon groups, including but not
limited to, methyl, ethyl, n-propyl, i-propyl, n-butyl, sec-
butyl, t-butyl, n-pentyl, 2-methylbutyl, 3-methylbutyl, 2,2-
dimethylpropyl, n-hexyl, 2-methylpentyl, 3-methylpentyl,
4-methylpentyl, 2,2-dimethylbutyl, 2,3-dimethylbutyl, 3,3-
dimethylbutyl, and 2-ethybutyl. The term C,,, means the
alkyl group has “m” to “n” carbon atoms. The term “alky-
lene” refers to an alkyl group having a substituent. An alkyl
(e.g., methyl), or alkylene (e.g., —CH,—), group can be
substituted with one or more, and typically one to three, of
independently selected halo, trifluoromethyl, trifluo-
romethoxy, hydroxy, alkoxy, nitro, cyano, alkylamino, or
amino groups, for example.

[0010] As used herein, the term “halo” refers to fluoro,
chloro, bromo, and iodo. The term “hydroxy” is defined as
—OH. The term “alkoxy” is defined as —OR, wherein R is
alkyl. The term “amino” is defined as —NH,, and the term
“alkylamino” is defined as —NR,, wherein at least one R is
alkyl and the second R is alkyl or hydrogen. The term
“carbamoyl” is defined as —C(—O)NR,. The term “car-
boxy” is defined as —C(—O)OH or a salt thereof. The term
“nitro” is defined as —NO,. The term “cyano” is defined as
—CN. The term “trifluoromethyl” is defined as —CF;. The
term “trifluoromethoxy” is defined as —OCF;.

[0011] As used herein, the term “aryl” refers to a mono-
cyclic or polycyclic aromatic group, preferably a monocy-
clic or bicyclic aromatic group. Examples of aryl groups
include, but are not limited to, phenyl, naphthyl, fluorenyl,
azulenyl, anthryl, phenanthryl, pyrenyl, biphenyl, and ter-
phenyl. Aryl also refers to bicyclic and tricyclic carbon
rings, where one ring is aromatic and the others are satu-
rated, partially unsaturated, or aromatic, for example, dihy-
dronaphthyl, indenyl, indanyl, or tetrahydronaphthyl (te-
tralinyl). Unless otherwise indicated, an aryl group can be
unsubstituted or substituted with one or more, and in par-
ticular one to four, groups independently selected from, for
example, halo, alkyl, alkenyl, —OCF;, —NO,, —CN,
—NC, —OH, alkoxy, amino, alkylamino, —CO,H,
—CO,alkyl, —OCOalkyl, aryl, and heteroaryl.
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[0012] As used herein, the term “benzyl” refers to —CH,-
phenyl. Unless otherwise indicated, a benzyl group can be
unsubstituted or substituted with one or more, and in par-
ticular one to four, groups independently selected from, for
example, halo, alkyl, alkenyl, —OCF;, —NO,, —CN,
—NC, —OH, alkoxy, amino, alkylamino, —CO,H,
—CO,alkyl, —OCOalkyl, aryl, and heteroaryl.

[0013] As used herein, the term “heterocyclic” refers to a
heteroaryl or heterocycloalkyl ring system. As used herein,
the term “carbocyclic” refers to an aryl or cycloalkyl ring
system.

[0014] As used herein, the term “heteroaryl” refers to a
monocyclic or polycyclic ring system (for example, bicy-
clic) containing one or two aromatic rings and containing at
least one nitrogen, oxygen, or sulfur atom in an aromatic
ring. Each ring of a heteroaryl group can contain one or two
O atoms, one or two S atoms, and/or one to four N atoms,
provided that the total number of heteroatoms in each ring
is four or less and each ring contains at least one carbon
atom. In certain embodiments, the heteroaryl group has from
5 to 20, from 5 to 15, or from 5 to 10 ring atoms. Examples
of monocyclic heteroaryl groups include, but are not limited
to, furanyl, imidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl,
oxazolyl, pyrazinyl, pyrazolyl, pyridazinyl, pyridyl, pyrim-
idinyl, pyrrolyl, thiadiazolyl, thiazolyl, thienyl, tetrazolyl,
triazinyl, and triazolyl. Examples of bicyclic heteroaryl
groups include, but are not limited to, benzofuranyl, benz-
imidazolyl, benzoisoxazolyl, benzopyranyl, benzothiadiaz-
olyl, benzothiazolyl, benzothienyl, benzothiophenyl, benzo-
triazolyl, benzoxazolyl, furopyridyl, imidazopyridinyl,
imidazothiazolyl, indolizinyl, indolyl, indazolyl, isobenzo-
furanyl, isobenzothienyl, isoindolyl, isoquinolinyl, isothiaz-
olyl, naphthyridinyl, oxazolopyridinyl, phthalazinyl, pteridi-
nyl, purinyl, pyridopyridyl, pyrrolopyridyl, quinolinyl,
quinoxalinyl, quiazolinyl, thiadiazolopyrimidyl, and thien-
opyridyl. Unless otherwise indicated, a heteroaryl group can
be unsubstituted or substituted with one or more, and in
particular one to four, substituents selected from, for
example, halo, alkyl, alkenyl, —OCF;, —NO,, —CN,
—NC, —OH, alkoxy, amino, alkylamino, —CO,H,
—CO,alkyl, —OCOalkyl, aryl, and heteroaryl.

[0015] As used herein, the term “cycloalkyl” means a
monocyclic or polycyclic (e.g., bicyclic), saturated or par-
tially unsaturated, ring system containing three or more
(e.g., three to twelve or three to eight) carbon atoms,
including cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, and cyclooctyl, optionally substituted with one
or more, and typically one to three, of independently
selected halo, trifluoromethyl, trifluoromethoxy, hydroxy,
alkoxy, nitro, cyano, alkylamino, or amino groups, for
example.

[0016] As used herein, the term “heterocycloalkyl” means
a monocyclic or polycyclic (e.g., bicyclic), saturated or
partially unsaturated, ring system containing 3 or more (e.g.,
4 to 12) total atoms, of which one to five of the atoms are
independently selected from nitrogen, oxygen, and sulfur
and the remaining atoms are carbon. Nonlimiting examples
of heterocycloalkyl groups are azetidinyl, pyrrolidinyl, pip-
eridinyl, piperazinyl, dihydropyrrolyl, morpholinyl, thio-
morpholinyl, dihydropyridinyl, oxacycloheptyl, dioxacyclo-
heptyl, thiacycloheptyl, diazacycloheptyl, each optionally
substituted with one or more, and typically one to three, of
independently selected halo, C, ¢ alkyl, C,_ alkoxy, cyano,
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amino, carbamoyl, nitro, carboxy, C,_, alkenyl, C,_, alkynyl,
or the like on an atom of the ring.

[0017] The compounds disclosed herein include all phar-
maceutically acceptable isotopically-labeled compounds
wherein one or more atoms of the compounds disclosed
herein are replaced by atoms having the same atomic
number, but an atomic mass or mass number different from
the atomic mass or mass number usually found in nature,
examples of which include isotopes of hydrogen, such as *H
and *H. In some cases, one or more hydrogen atoms of the
compounds disclosed herein are specifically *H (deuterium).
Isotopically-labeled compounds as disclosed herein can gen-
erally be prepared by conventional techniques known to
those skilled in the art or by processes analogous to those
described in the accompanying examples and schemes using
an appropriate isotopically-labeled reagent in place of the
non-labeled reagent previously employed.

[0018] Certain of the compounds as disclosed herein may
exist as stereoisomers (i.e., isomers that differ only in the
spatial arrangement of atoms) including optical isomers and
conformational isomers (or conformers). The compounds
disclosed herein include all stereoisomers, both as pure
individual stereoisomer preparations and enriched prepara-
tions of each, and both the racemic mixtures of such
stereoisomers as well as the individual diastereomers and
enantiomers that may be separated according to methods
that are known to those skilled in the art. Additionally, the
compounds disclosed herein include all tautomeric forms of
the compounds.

[0019] In one aspect, the disclosure provides a compound
of formula I or I', or a pharmaceutically acceptable salt
thereof:

@

NR® 0

Yo A

X I NR*R*

OH

|ZI)\N 0
~x I NR*R*

[0020] wherein:
[0021] === is an optional double bond;
[0022] Zis CR' or NR', or if the double bond is present,

then Z is CR! or N;

[0023] Y is NR? or CR?, or if the double bond is present,
then Y is N or CR?;

[0024] X is N or CR®%

[0025] R'and R?, taken together with the atoms to which
they are attached form a 4-, 5-, 6-, or 7-membered ring; or
[0026] R' and R? are independently selected from the
group consisting of H, C, salkyl, C; scycloalkyl, C, sha-
loalkyl, and halo;

[0027] R’ and R®* are independently selected from the
group consisting of H and C,_salkyl;

Apr. 6,2017

[0028] L is heteroaryl-C, salkylene-, aryl-C, salkylene-,
—S—C, salkylene-aryl, —S—C, salkylene-heteroaryl,
—C, _salkylene-S-aryl, or —C,_salkylene-S-heteroaryl;
[0029] R? and R* taken together with nitrogen atom to
which they are attached form a 3-, 4-, 5-, 6-, or 7-membered
monocyclic ring or 6-, 7-, 8-, 9-, 10-, 11-, 12-, 13-, or
14-membered spiro, fused, and/or bridged polycyclic (e.g.,
bicyclic) ring; or

[0030] R? is selected from the group consisting of H,
C,_salkyl, C,_,cycloalkyl, C, shaloalkyl, aryl, heteroaryl,
and C,_salkylene-G,

[0031] R* is selected from the group consisting of
C, salkyl, C;_;cycloalkyl, C, shaloalkyl, aryl, heteroaryl,
and C,_salkylene-G; and

[0032] each G is independently selected from the group

consisting of CN, aryl, heteroaryl, cycloalkyl, and hetero-
cycloalkyl.

[0033] In some embodiments, the compound of formula I
does not include a compound having a structure as recited in
Table D, below.

[0034] In some embodiments, the disclosure provides a
compound having a formula IA or A"
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[0035] wherein:
[0036] Y is NR? or CR?, or if the double bond is present,

then Y is CR?; and

[0037] R! and R?, taken together with the atoms to which
they are attached form a 4-, 5-, 6-, or 7-membered ring.

[0038] Compounds of formula IA or IA' include, but are
not limited to, compounds having a structure selected from
the group consisting of:
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I [0042] wherein R and R? are independently selected from
RIC__ )\ )k the group consisting of H, C, salkyl, C;_scycloalkyl, C, sha-
N I7 NRRY, loalkyl, and halo.

[0043] In some embodiments,
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[0044] is selected from the group consisting of:

[0039] Compounds of formula IA or 1A' also include, but

are not limited to, compounds having a structure: ol

= NRS O
\ N > >
~ Ny NRPR* or 0 on
OH
x
NH N
S Xy
)\ )k Z Z
N N
NRR?, , ,
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[0040] In some embodiments, R' and R?, taken together N
with the atoms to which they are attached form a heteroaryl NH N
ring, an aryl ring, a heterocycloalkyl ring, or a cycloalkyl / =
ring. In some embodiments, R* and R?, taken together with F5C F3C
the atoms to which they are attached form a pyrrole ring, a ’ ’
cyclopentene ring, a thiophene ring, a dihydrofuran ring, a 0 OH
cyclohexene ring, a pyrazole ring, a thiazole ring, a benzene
ring, an imidazole ring, or a cyclobutene ring. NH XN

[0041] In some embodiments, the disclosure provides a
compound having a formula IB or IB"

)
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[0045] In some embodiments, [. is —S—C, 5 alkylene-
aryl, —S—C, ; alkylene-heteroaryl, —C, salkylene-S-aryl,
or —C, salkylene-S-heteroaryl. In other embodiments, L is
aryl-C,_salkylene- or heteroaryl-C, salkylene-. In still other
embodiments, [ is heteroaryl or aryl, such as, but not limited
to a 5- or 6-membered heteroaryl ring. Suitable L groups
include, but are not limited to, pyrazolyl, triazolyl, thiazolyl,
pyridinyl, imidazolyl, phenyl, thiophenyl, pyrrolyl, and
indolyl.

[0046] In some embodiments, L is

[0047] nisOorl1;
[0048] Q is CH, CR®, or N;
[0049] each RS is selected from the group consisting of

C,_salkyl, C; scycloalkyl, heterocycloalkyl, C, shaloalkyl,
halo, benzyl, C, shaloalkylene-OH, C, salkylene-CN,
C,_salkoxy, C, shaloalkoxy, aryloxy, heteroaryloxy, CN,
OH, —NHR"', —NR"'CO,R"* —SO,R", —SO,NHR",
—SOR!, —CO,R'!, —CONHR", aryl, and heteroaryl;
and

[0050] R and R''# are each independently selected from
the group consisting of H, C, salkyl, C, shaloalkyl, —C,_
salkylene-C;_ccycloalkyl, —C,_salkylene-heterocycloalkyl,
—C,_salkylene-aryl, and —C, salkylene-heteroaryl. In
some cases,
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[0051] In some embodiments, L is -continued

6 6

}{ S >{ o S
| >< l >< |
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[0052] nis O, 1, or 2;

[0053] R® is selected from the group consisting of Io)
C, salkyl, C, scycloalkyl, heterocycloalkyl, C, shaloalkyl,

halo, benzyl, C, shaloalkylene-OH, C, salkylene-CN,

C, salkoxy, C, shaloalkoxy, aryloxy, heteroaryloxy, CN,

AN

/2

OH, —NHR'!, __NR''CO,R'"%, —SO,R", —SO,NHR'", RS
__SOR'!, —CO,R", —CONHR'", aryl, and heteroary; J
and Il\I \ |
[0054] R'' and R''“ are each independently selected from Ny N N/

the group consisting of H, C, salkyl, C, shaloalkyl, —C,_

salkylene-C, (cycloalkyl, —C, salkylene-heterocycloalkyl,

—C,_salkylene-aryl, and —C,_salkylene-heteroaryl. Suit- ==
able L groups include, but are not limited to, N

?{ (RS), <R6>n
N
N N~
\\N

[0055] In some embodiments, L. has a structure selected
from

g
o.

+

and is substituted with 0, 1, or 2 R® substituents.

In some cases, L is selected from the group consisting of
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-continued -continued
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| L groups disclosed herein are replaced with H (deuterium).
In some cases, L has a structure selected from
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and is substituted with 1 or 2 deutero C,_salkyl substituents,
such as CH,D, CHD,, or CD;. In some cases, L has a
structure selected from

Hp AL

and
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>{N \CD3

—

[0057] In some embodiments, R*> and R*, taken together
with the nitrogen atom to which they are attached form a 3-,
4-, 5-, 6-, or 7-membered ring, including, but not limited to,
piperidinyl, pyrrolidinyl, azetidinyl, piperazinyl, morpholi-
nyl, thiomorpholinyl, aziridinyl, oxaziridinyl, imidazolidi-
nyl, pyrazolidinyl, oxazolidinyl, isoxazolidinyl, thiazolidi-
nyl, isothiazolidinyl,  azepanyl, diazepanyl, or
diazabicycloheptane.

[0058] In some embodiments,

NR3R? is N/\ ,
k/—a&m

o~ /(R7)m,
]
K/NRQ

N v

N\;\—<R7>m,

[0059] mis O, 1, 2, or 3;

[0060] R and R® are each independently selected from
the group consisting of halo, C,_salkyl, C, _scycloalkyl,
heterocycloalkyl, C, shaloalkyl, C, shaloalkylene-OH,
C,_salkylene-CN, C, salkoxy, C,_shaloalkoxy, aryloxy,
heteroaryloxy, CN, OH, —NHR® —NR®CO,R®,
—SO,R®, —CO,R® —CONHR?, aryl, and heteroaryl,
or

[0061] two R” groups, together with the carbon atom(s) to
which they are attached, form a 3-, 4-, 5-, 6-, 7-, or
8-membered cycloalkyl, a 3-, 4-, 5-, 6-, 7-, or 8-membered
heterocycloalkyl, aryl, or a 5- or 6-membered heteroaryl
ring; and

[0062] R® and R®*” are each independently selected from
the group consisting of H, C, salkyl, C, shaloalkyl, —C,_
salkylene-C, _cycloalkyl, —C,_salkylene-heterocycloalkyl,
—C,_salkylene-aryl, and —C,_salkylene-heteroaryl; or

[0063] one R7 group and R®, together with the atoms to
which they are attached, form a 5- or 6-membered hetero-
cycloalkyl or heteroaryl ring.
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[0064] In some embodiments,
}&*N
NR®
R7, or o
%N@
R7
[0065] R” and R® are each independently selected from the

group consisting of halo, C,_salkyl, C;_s cycloalkyl, hetero-
cycloalkyl, C, shaloalkyl, C, shaloalkylene-OH, C, salky-
lene-CN, C, salkoxy, C,_shaloalkoxy, aryloxy, heteroary-
loxy, CN, OH, —NHR® —NR®*CO,R®*, —SO,R®
—CO,R®, —CONHRS?, aryl, and heteroaryl; and

[0066] R® and R®** are each independently selected from
the group consisting of H, C, salkyl, C, shaloalkyl, —C,_
salkylene-C;_ccycloalkyl, —C,_salkylene-heterocycloalkyl,
—C,_salkylene-aryl, and —C,_salkylene-heteroaryl.

[0067] Insomeembodiments, R” or R? is selected from the
group consisting of C,_scycloalkyl, heterocycloalkyl, ary-
loxy, heteroaryloxy, aryl, and heteroaryl. In some embodi-
ments, R” is oxazolyl or pyridinyl, each of which is option-
ally substituted with CN or F. In some embodiments, R is
selected from the group consisting of

/N

OJ_CN,

| Xy AN F
P 2N

[0068] In some embodiments, R® is C,_scycloalkyl. In
some embodiments, R® is cyclopropyl or cyclobutyl, each of
which is optionally substituted with 1, 2, 3, or 4 F atoms. In
some embodiments, wherein R® is selected from the group
consisting of
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[0069] In some embodiments,
O O
R7
[0070] In some embodiments,

NR3R? is N/\ ;

k/—a&z

N/\— (R)y, or

N\

=N

and the two R” groups are present on adjacent carbon atoms,
and in some cases, the two R” groups form a 4-, 5-, 6-, or
7-membered heterocyclic group or carbocyclic group with
the carbon atoms to which they are attached. In some
embodiments,

®R7);

NROR* s N/\ .

k/—(w)z

N/\— (R)y, or

N\

=N

and the two R” groups are present on the same carbon atom,
and in some cases, the two R” groups form a 3-, 4-, 5-, 6-,
or 7-membered heterocycloalkyl group or cycloalkyl group
with the carbon atom to which they are attached.

[0071] In some embodiments, at least one R” or R® is F,
CF;, CH;, CH,CH;, —CH,CF;, cyclopropyl, 1-cyano-cy-
clopropyl, CN, —C(CH,),CN, —CH(CN)CH,CHj,, 3,3-
difluoropyrrolidine, —OH, —OCH;, —OCH,CH;,
—OCH,CF;, —C(OH)(CF;),, —C(OH)CH,CF,, —CO,C
(CH,);, —CONHC(CH,);, —N(CH;)CO,C(CH,);, phe-
noxy, phenylsulfonyl, 3,4-difluorobenzenesulfonyl, phenyl,
fluorophenyl, difltuorophenyl, cyanophenyl, indolyl, difluo-
ropyrrolidinyl, or benzothiazolyl, or two R” groups, together

®R7);
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with the carbon atoms to which they are attached, form a -continued

fused benzene ring. In some embodiments, at least one R” is

3-indolyl, 6-fluoro-3-indolyl, N-methyl-3-indolyl, 4-indolyl,

2-benzothiazolyl, or 5-fluoro-2-benzothiazolyl.

[0072] In some embodiments, R® is —C,_salkylene-aryl.

In some embodiments, R® is 2,4-difluorophenyl, 5-fluoro- ’ ’

phenyl, phenyl, or 2-chlorophenyl.

[0073] In some embodiments, R® and R*, taken together

with the nitrogen atom to which they are attached form a 6-,

7-, 8-, 9-,10-, 11-, 12-, 13-, or 14-membered spiro, fused, or o

bridged polycyclic (e.g., bicyclic ring). Suitable 6- to X\[ D

14-membered spiro, fused, or bridged bicyclic rings include, N

but are not limited to, 10-azabicyclodecane, 9-azabicy- [ j o
clononane, 8-azabicyclooctane (e.g., 8-azabicyclo[3.2.1]oc-

tane), azabicycloheptane (e.g., 7-azabicycloheptane), o

3-azabicyclohexane (e.g., 3-azabicyclo[3.1.0]hexane), diaz-
abicyclononane (e.g., 1,4-diazabicyclo[4.3.0]nonane), diaz-
abicyclooctane, diazabicycloheptane, diazaspirononane,
azaspirononane, diazaspirooctane, azaspirooctane,
spiroksobenzofuran-piperidine, diazaspiroheptane,
azaspiroheptane, octahydrocyclopenta[b]pyrrole, or octahy- , ,
drocyclopenta[c]pyrrole. In some embodiments, the 6- to

14-membered spiro, fused, or bridged polycyclic (e.g, bicy-
clic) ring is substituted with one or two substituents inde-
pendently selected from the group consisting of halo,
C,salkyl, C,_shaloalkyl, C, salkoxy, aryloxy, heteroary-
loxy, CN, OH, —SO,R'°, CO,R'®, CONHR'°, C, scy-
cloalkyl, oxo, aryl, and heteroaryl; and R is selected from

the group consisting of H, C, salkyl, —C,_salkylene-aryl, F
and —C,_salkylene-heteroaryl. In some embodiments, at
least one substituent of the 6- to 14-membered spiro, fused,
or bridged polycyclic (e.g., bicyclic) ring is cyclopropyl, F,
—CO,C(CH;);, —CH,CF;, CF;, fluorophenyl, cyanophe- O\ ,

nyl, OH, or phenyl.

[0074] In some embodiments, R? is selected from the 0, N
group consisting H, CH;, —CH,CH,, —CH,CH,CHj,, | , \
—CH(CH,),, —CH,CF,;, —CH,CH,CN, —CH,CH(OH) /
CF,, and benzyl; and R* is selected from the group consist- %‘\S
ing of CH,, —CH,CH,, —CH,CH,CH,, —CH,CH,CFj;,

—CH,CF,CFj, cyclohexyl, cyclopentyl, benzyl, O
N | j
| o
s0r S
=\
N
0 N/N\ F
> e XQ
s ,
N F
Cl
N. >
—

B
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& Q [0077] Exemplary compounds of formula I include, but

are not limited to, the compounds listed in Table A.

TABLE A
Ref.
No. Compound

% (e V=
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TABLE A-continued TABLE A-continued

Ref.

No. Compound Ref.

Compound
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No. Compound Ref.
Q691 o No. Compound
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N —N N \N
N A
F
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Q635 Q Q461 0
S )\ Q
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QO R N /IL
Q-586 0

Exemplary compounds of formula I also include,

[0078]
N = but are not limited to, the compounds listed in Table B.
S )\ N /
N

TABLE B

N =N Ref.
No. Compound
NEE Q951 0
HN =
Q572 o] 0 J\ NS
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HN | N =N
q N \N
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N =N F 9\/N
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[0079] Provided herein are compounds as disclosed in
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[0080] In one aspect, the disclosure provides a compound
of formula II or II', or a pharmaceutically acceptable salt
thereof:

feu
je U

[0081]

[0082] R? is selected from the group consisting of H,
C, salkyl, C;_;cycloalkyl, C, shaloalkyl, aryl, heteroaryl,
and C,_salkylene-G;

[0083] R* is selected from the group consisting of
C,salkyl, C,_,cycloalkyl, C, shaloalkyl, aryl, heteroaryl,
and C,_salkylene-G; or

[0084] R?andR* taken together with the nitrogen atom to
which they are attached form a 3-, 4-, 5-, 6-, or 7-membered
monocyclic ring or a 6-, 7-, 8-, 9-, 10-, 11-, 12-; 13-, or
14-membered spiro, fused, or bridged bicyclic ring, and

an

NRPR*
1)

NRPR*

wherein L is heteroaryl or aryl; and

[0085] each G is independently selected from the group
consisting of CN, aryl, heteroaryl, cycloalkyl, and hetero-
cycloalkyl.

[0086] In one aspect, the disclosure provides a compound
of formula III or IIT', or a pharmaceutically acceptable salt
thereof:

(I

(I

X
[0087] wherein:
[0088] === is an optional double bond;
[0089] Z is CR! or NR', or if the double bond is present,

then Z is CR* or N;

[0090] Y is CR? or NR?, or if the double bond is present,
then Y is CR? or N;

[0091] X is CH or N;

[0092] R' and R? are independently selected from the
group consisting of H, C, salkyl, C;_scycloalkyl, C, sha-
loalkyl, and halo; or
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[0093] R'and R?, taken together with the atoms to which -continued
they are attached form a 5- to 6-membered ring; OH
[0094] R’ is selected from the group consisting of H and
C, salkyl; | AN
[0095] L is heteroaryl-C,_salkylene-, aryl-C, salkylene-, )\ o
—S—C,_salkylene-aryl, —S—C, _salkylene-heteroaryl, N N
—C, _salkylene-S-aryl, or —C,_salkylene-S-heteroaryl; Il\l\ O/\

[0096] A is selected from the group consisting of
(6]
NH
e} | NH,
’ ’ N N
|
(€]

o} 0 NH,
| i )\N o
o o N |
N O/\
O
%k )<> —Br, O
O

o o © |
\ 7/ 0
3N A
TN
CF3,

—

NH
N
%% | / > and | )\
[@]
P

; N

CF; O
%N
[0098] In one aspect, the disclosure provides a compound
CF;.

of formula IV or IV', or a pharmaceutically acceptable salt
thereof:

[0097] In some embodiments, the compound of formula

IIT or IIT" does not include a compound having a structure: av)

e}

A,
)\ y
\N/ N R

| )\ 0 | \> NRIR*

P Naw /

i g
N\ O/\ O

O R!

=0
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OH
RIT' )\N
YI RS »
\N Il\I - /\>( )
NQQ/\[( NRR?
O
[0099] wherein:
[0100] === is an optional double bond;
[0101] Y is NR?, or if the double bond is present, then Y
is CR?;
[0102] R'and R?, taken together with the atoms to which
they are attached form a 5-membered ring;
[0103] nisOor1;
[0104] each RS is selected from the group consisting of

C, salkyl, C;_scycloalkyl, C, shaloalkyl, halo, and benzyl,
[0105] Q is CH, CR® or N;

[0106] R> and R*, taken together with nitrogen atom to
which they are attached form a 3-, 4-, 5-, 6-, or 7-membered
monocyclic ring or 6-, 7-, 8-, 9-, 10-, 11-, 12-, 13-, or
14-membered spiro, fused, or bridged bicyclic ring.

[0107] In some embodiments,

NROR? s N/\ .
K/—mm

(R}
N

ke
!

TRy ©

N\

3

[0108] mis O, 1, 2, or 3;

[0109] R” and R® are each independently selected from the
group consisting of halo, C, _salkyl, C;_scycloalkyl, hetero-
cycloalkyl, C, shaloalkyl, C, shaloalkylene-OH, C, salky-
lene-CN, C, .alkoxy, C, shaloalkoxy, aryloxy, heteroary-
loxy, CN, OH, —NHR® —NR®*CO,R®*, —SO,R¥
—CO,R® —CONHR?, aryl, and heteroaryl, or

[0110] two R7 groups, together with the carbon atom(s) to
which they are attached, form a 3-, 4-, 5-, 6-, 7-, or
8-membered cycloalkyl, a 3-, 4-, 5-; 6-, 7-, or 8-membered
heterocycloalkyl, aryl, or a 5- or 6-membered heteroaryl
ring; and

R}

Apr. 6,2017

[0111] R?® and R®® are each independently selected from
the group consisting of H, C, salkyl, C, shaloalkyl, —C,
salkylene-C;_ccycloalkyl, —C,_salkylene-heterocycloalkyl,
—C,_salkylene-aryl, and —C,_salkylene-heteroaryl; or
[0112] one R’ group and R, together with the atoms to
which they are attached, form a 5- or 6-membered hetero-
cycloalkyl or heteroaryl ring.

[0113] In some embodiments,
O O
RIT' )]\ NH S NH
Y. Z \ N =~
SN Y
is or
(@] OH
NH RIcT N
7 YA
N ~ N
> Or 18
OH OH
Xy = Xy

and is optionally substituted with one to four substituents
selected from the group consisting of F, Cl, and C,_,alkyl.
[0114] In some embodiments,

}{l (R%), >< j §

[0115] In some embodiments, two R” groups are present
on adjacent carbon atoms, and in some cases, the two R’
groups and the carbons to which they are attached form a 3-,
4-, 5-, 6-, or 7-membered heterocycloalkyl group or
cycloalkyl group. In some embodiments, two R” groups are
present on the same carbon atom, and in some cases, the two
R” groups and the carbon to which they are attached form a
3-, 4-, 5-, 6-, or 7-membered heterocycloalkyl or cycloalkyl
group. In some embodiments, the 6- to 14-membered spiro,
fused, or bridged polycyclic (e.g., bicyclic) ring is substi-
tuted with one or two substituents independently selected
from the group consisting of halo, C, salkyl, C, shaloalkyl,
C,.salkoxy, aryloxy, heteroaryloxy, CN, OH, —SO,R'°,
—CO,R'°, CONHR'®, C,_scycloalkyl, aryl, and heteroaryl;



US 2017/0096435 Al

273

and R' is selected from the group conmsisting of H,
C, salkyl, —C, salkylene-aryl, and —C, salkylene-het-
eroaryl. In some embodiments, the 3-, 4-, 5-, 6-, or 7-mem-
bered heterocycloalkyl or cycloalkyl group is substituted
with one or two substituents selected from the group con-
sisting of fluoro, hydroxy, cyano, methyl, ethyl, trifluorom-
ethyl, trifluoroethyl, cyanopropyl, methoxy, trifluo-
romethoxy, trifluoroethoxy, hexafluorohydroxypropyl,
cyclopropyl, 1-cyano-cyclopropyl, 1-trifluoromethylcyclo-
propyl, 3,3-difluoropyrrolidine, C(O)-t-butoxy, phenyl, fluo-
rophenyl, difluorophenyl, cyanophenyl, indolyl, difluoropy-
rrolindinyl, benzothiazolyl, and N(methyl)C(O)t-butoxy.

[0116] Suitable 6- to 14-membered spiro, fused, or bridged
bicyclic rings include, but are not limited to, 10-azabicyclo-
decane, 9-azabicyclononane, 8-azabicyclooctane (e.g.,
8-azabicyclo[3.2.1]octane), azabicycloheptane (e.g.,
7-azabicycloheptane), 3-azabicyclohexane (e.g., 3-azabicy-
clo[3.1.0]hexane), diazabicyclononane (e.g., 1,4-diazabicy-
clo[4.3.0]nonane), diazabicyclooctane, diazabicyclohep-
tane, diazaspirononane, azaspirononane, diazaspirooctane,
azaspirooctane, spiroksobenzofuran-piperidine, diazaspiro-
heptane, azaspiroheptane, octahydrocyclopenta[b]pyrrole,
or octahydrocyclopenta[c]pyrrole. In some embodiments,
the 6- to 14-membered spiro, fused, or bicyclic ring is
substituted with one or two substituents independently
selected from the group consisting of halo, C, salkyl,
C, shaloalkyl, C, salkoxy, aryloxy, heteroaryloxy, CN, OH,
—SO,R*°, —CO,R'®, —CONHR'®, C, scycloalkyl, aryl,
and heteroaryl; and R'° is selected from the group consisting
of H, C,_salkyl, —C,_salkylene-aryl, and —C, salkylene-
heteroaryl.

[0117] In one aspect, the disclosure provides a compound
of formula V or V', or a pharmaceutically acceptable salt
thereof:

V)

)

[0118] wherein:
[0119] === is an optional double bond;
[0120] Y'is N, or if the double bond is present, then Y* is

(O

Apr. 6,2017

&

is a S-membered ring;
[0121]

[0122] each RS is selected from the group consisting of
C, _salkyl, C;_scycloalkyl, C, _shaloalkyl, halo, and benzyl;

[0123] Qis CH, CRS, or N;

[0124] R? and R*, taken together with nitrogen atom to
which they are attached form a 3-, 4-, 5-, 6-, or 7-membered
monocyclic ring or 6-, 7-, 8-, 9-, 10-, 11-, 12-, 13-, or
14-membered spiro, fused, and/or bridged polycyclic ring.

[0125]

&

is a pyrrole ring, a cyclopentene ring, a thiophene ring, a
dihydrofuran ring, a pyrazole ring, a thiazole ring, or an
imidazole ring. In some embodiments,

nis Oorl;

In some embodiments,

is selected from the group consisting of:

OH
.9
\ N\N/
OH
Z P
N
OH
S \N
S
N
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In some embodiments,
O
/ | NH 0
=
N N NH
J , and
=
N
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OH
/Y X
w Ny
N N P
J N

In some embodiments, )
[0126] In some embodiments,

or

and is optionally substituted with one to four substituents
selected from the group consisting of F, Cl, and C,_;alkyl. In
some embodiments,
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[0127] In some embodiments, R*> and R*, taken together
with nitrogen atom to which they are attached form a 3-, 4-,
5-, 6-, or 7-membered ring. Suitable 3-, 4-; 5-; 6-, or
7-membered rings include, but are not limited to, piperidi-
nyl, pyrrolidinyl, azetidinyl, piperazinyl, morpholinyl, thio-
morpholinyl, aziridinyl, oxaziridinyl, imidazolidinyl, pyra-
zolidinyl, oxazolidinyl, isoxazolidinyl, thiazolidinyl,
isothiazolidinyl, azepanyl, diazepanyl, or diazabicyclohep-
tane.

[0128] In some embodiments,

NR3R? is N/\ ,
k/—a&m

RV
Lk
NR

N

T ®)y, or

N,

[0129] mis O, 1, 2, or 3;

[0130] R”and R® are each independently selected from the
group consisting of halo, C,_salkyl, C;_s cycloalkyl, hetero-
cycloalkyl, C, shaloalkyl, C, shaloalkylene-OH, C, alky-
lene-CN, C, salkoxy, C,_shaloalkoxy, aryloxy, heteroary-
loxy, CN, OH, —NHR® —NR®*CO,R®*, —SO,R®
—CO,R® —CONHR?, aryl, and heteroaryl, or

[0131] two R” groups, together with the carbon atom(s) to
which they are attached, form a 3-, 4-, 5-, 6-, 7-, or
8-membered cycloalkyl, a 3-, 4-, 5-, 6-, 7-, or 8-membered
heterocycloalkyl, aryl, or a 5- or 6-membered heteroaryl
ring; and

[0132] R® and R®“ are each independently selected from
the group consisting of H, C, salkyl, —C,_salkylene-aryl,
and —C,_salkylene-heteroaryl; or

[0133] one R7 group and R®, together with the atoms to

which they are attached, form a 5- or 6-membered hetero-
cyclic or heteroaryl ring.
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[0134] In some embodiments, -continued

(€] (€]
R7

[0139] In some embodiments, the compound is selected
from

0
k/NRQ, NR®,
SEY « N AU
x. N
N N\j\ /T N
R7

N —N
[0135] R” and R® are each independently selected from the N=
A/

group consisting of halo, C, _salkyl, C;_; cycloalkyl, hetero-
cycloalkyl, C,_shaloalkyl, C,_shaloalkylene-OH, C,_ salky- N
lene-CN, C, salkoxy, C,_shaloalkoxy, aryloxy, heteroary- OH

loxy, CN, OH, —NHR® —NR®CO,R®*, —SO,R?

—CO,R® —CONHR?, aryl, and heteroaryl; and NZ N\
[0136] R® and R®* are each independently selected from o} )\ N/ '
the group consisting of H, C, salkyl, —C, salkylene-aryl, / N N

and —C,_salkylene-heteroaryl. |
N —N

[0137] Insome embodiments, R” or R? is selected from the

group consisting of C,_scycloalkyl, heterocycloalkyl, ary-

loxy, heteroaryloxy, aryl, and heteroaryl. In some embodi- Ne—

ments, R” is oxazolyl or pyridinyl, each of which is option-
ally substituted with CN or F. In some embodiments, R is NEE A

selected from the group consisting of

F
Xy AN
| ~
N
Z F, and 7 N,
OH

[0138] In some embodiments, R® is C,_scycloalkyl. In NP N\
some embodiments, R® is cyclopropyl or cyclobutyl, each of i
which is optionally substituted with 1, 2, 3, or 4 F atoms. In o )\ _N /
some embodiments, R is selected from the group consisting Ii] N
of N =N




US 2017/0096435 Al

-continued

)\%Nﬁi}?
|
O

+

F

Apr. 6,2017

OH

99

)\ N / ,
N N~

0 ) l
F Q .

-continued

O
F,
N HN s
/ b S )\/N /
_— N
N =N
OH
: N NZ N
/ b § )\/N /
N N
N =N

and
Q J\ N
b
N 4N

oH
NZ N
3 N)\N/N /
(\N Néll\f
)

or a pharmaceutically acceptable salt thereof.
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[0140] Further disclosed are compounds listed in Table D, TABLE D-continued
below, for use in inhibiting SPR.
0 Q-007

TABLE D

/\
Q-001 \ N/>—N _ i
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7 h —
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N
W g
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N
\ / \ — NH /N\
N N N I
\ /N~ g

o 0 Q-003
NH >ji\)‘\ N
- O
\ N/ \N/ NH /N\

Q-004

A Q
\r | . N
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0
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/O (6]

0
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Methods of Using SPR Inhibitors

[0141] The uses of the compounds and compositions dis-
closed herein include use as an SPR inhibitor, an analgesic,
a treatment for acute or chronic pain, an anti-inflammatory,
and/or as an immune cell regulator. The disclosed methods
include inhibiting sepiapterin reductase (SPR) by a method
comprising contacting SPR with a compound or composi-
tion disclosed herein in an amount effective to inhibit SPR.
In some aspects, the contacting is in vitro. In other aspects,
the contacting is in vivo. In various aspects, contacting
comprises administering the compound or the composition
to a subject in need thereof. In various aspects, the subject
is a mammal. In a preferred aspect, the mammalian subject
is human.

[0142] It is contemplated that the SPR inhibitor com-
pounds, compositions, and methods are useful in the treat-
ment of diseases and disorders associated with the BH4
synthesis pathway, such as, but not limited to, pain, inflam-
mation, and immunological disorders. In addition, it is
contemplated that the SPR inhibitor compounds, composi-
tions, and methods are useful in the treatment of diseases
and disorders associated with increased levels of BH4, such
as, but not limited to, pain, inflammation, and immunologi-
cal disorders, compared with normal subjects not known to
suffer from pain, inflammation, and/or immunological dis-
orders. In other aspects, the subject suffers from pain (e.g.,
acute or chronic pain), inflammation, and/or an immuno-
logical disorder.

[0143] The disclosed methods include methods of treating
a subject suffering from pain, such as acute pain or chronic
pain, comprising administering to the subject a therapeuti-
cally effective amount of a compound or composition as
disclosed herein. The disclosed methods also include meth-
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ods of treating a subject suffering from inflammation, such
as chronic inflammation, comprising administering to the
subject a therapeutically effective amount of a compound or
composition as disclosed herein. The disclosed methods
further include methods of treating a subject suffering from
an immunological disorder, comprising administering to the
subject a therapeutically effective amount of a compound or
composition as disclosed herein.

[0144] Pain includes, but is not limited to, AIDS/HIV-
related pain, ankylosing spondylitis, arachnoiditis, back
pain, breakthrough pain, burning mouth syndrome, bursitis,
cancer pain, carpal tunnel syndrome pain, cauda equina
syndrome, central pain syndrome, Charcot-Marie-Tooth dis-
ease, chronic functional abdominal pain, chronic pancreati-
tis pain, complex regional pain syndrome, corneal neuro-
pathic pain, degenerative disc disease, Dercum’s disease,
dermatomyositis, diabetic peripheral neuropathy, Ehlers-
Danlos syndrome, endometriosis, erythromelalgia, failed
back surgery syndrome, fibromyalgia, intercostal neuraligia,
interstitial cystitis, irritable bowel syndrome, juvenile der-
matositis, leg pain, loin pain-haematuria syndrome, meralgia
paresthetica, migraine, multiple sclerosis pain, musculoskel-
etal pain, myofascial pain, myositis, neuropathic pain,
occipital neuralgia, osteoarthritis pain, Paget’s disease, pel-
vic pain, peripheral neuropathy, phantom limb pain, pinched
nerve, polymyalgia rhuematica, polymyositis, post-hernior-
raphy pain syndrome, post-mastectomy pain syndrome,
post-stroke pain, post-thorocotomy pain syndrome, post-
traumatic neuropathy, postherpetic neuralgia, post-polio
syndrome, primary lateral sclerosis, psoriatic arthritis,
pudendal neuralgia, Raynaud’s disease, restless leg syn-
drome, rheumatoid arthritis, sacroiliac joint dysfunction,
sarcoidosis, sciatica, postherpetic neuralgia, sickle cell pain,
Sjogren’s syndrome, spasmodic torticollis, sphincter of
Oddi dysfunction, spinal cord injury, spinal stenosis, syrin-
gomyelia, Tarlov cysts, thoracic outlet syndrome (TOS),
temporomandibular joint disorder, transverse myelitis,
trigeminal neuralgia, ulcerative Colitis, vascular pain, vul-
vodynia, and whiplash pain.

[0145] Immunological disorders include, but are not lim-
ited to, acid-induced lung injury, acne (PAPA), acute respi-
ratory distress syndrome, ageing, headache, AIDS, alcoholic
hepatitis, alcoholic liver disease, nonalcoholic steatohepati-
tis (NASH), allergen induced asthma, allergic bronchpul-
monay aspergillosis, Alzheimer’s disease, amyotropic lat-
eral sclerosis (ALS), angina pectoris, anhidrotic ecodermal
dysplasia-ID, ankylosiing spondylitis, antiphospholipid syn-
drome, aphthous stomatitis, appendicitis, arthritis, asthma,
atopic dermatitis, autoimmune diseases, bee sting-induced
inflammation, Behcet’s disease, Bell’s palsey, Blau syn-
drome, bronchiolitis, burns, cancer, cardiac hypertrophy,
catabolic disorders, cataracts, cerebral aneurysm, Cystic
Fibrosis, chemical irritant-induced inflammation, chronic
heart failure, chronic lung disease of prematurity, chronic
obstructive pulmonary disease, colitis, complex regional
pain syndrome, congenital muscular dystrophies, connective
tissue diseases, crohn’s disease, cryopyrin-associated peri-
odic syndromes, cyrptococcosis, cystic fibrosis, deficiency
of the interleukin-1-receptor antagonist (DIRA), dermatitis,
dermatomyositis, DIPG (Diffuse Intrinsic Pontine Glioma),
endometriosis, endotoxemia, eosiniphilic esophagitis, famil-
ial amyloidotic polyneuropathy, familial cold urticarial,
familial mediterranean fever, fetal growth, FSHD, glau-
coma, glomerular disease, glomerular nephritis, gut dis-

eases, peritoneal endometriosis, head injury, hearing loss,
heart disease, Henoch-Scholein purpura, hepatitis, heredi-
tary periodic fever syndrome, Herpes zoster and simplex,
HIV-1, Huntington’s disease, hyaline membrane disease,
hypercholesterolemia, hyperimmunoglobulinemia D with
recurrent fever (HIDS), hypoplastic and tother anemias,
incontinentia pigmenti, infectious mononucleosis, inflam-
matory bowel disease, inflammatory lung disease, inflam-
matory neuropathy, inflammatory pain, insect bite-induced
inflammation, irritant-induced inflammation, ischemia/rep-
erfusion, Kawasaki Disease, kidney disease, kidney injury
caused by parasitic infections[m1], leptospiriosis, leukemia,
limb girdle muscular dystrophy 2A, limb girdle muscular
dystrophy 2B, lung injury, lupus, lupus nephritis, lym-
phoma, meningitis, mesothelioma, Muckle-Wells syndrome
(urticaria deafness amyloidosis), multiple sclerosis, muscle
wasting, muscular dystrophy, myasthenia gravis, mycarditis,
mycosis fungoides, myelodysplastic syndrome, myositis,
nasal sinusitis, necrotizing enterocolitis, neonatal onset mul-
tisystem inflammatory disease (NOMID), nephrotic eyn-
drome, neuritis, neuropathological diseases, non-allergen
induced asthma, obesity, ocular allergy, organ transplant,
osterarthritis, otitis media, paget’s disease, pancreatitis, Par-
kinson’s disease, pericarditis, periodic fever, periodonitis,
pertussis, pharyngitis and adenitis (PFAPA syndrome), plant
irritant-induced inflammation, Pneumosystis infection, poi-
son ivy/urushiol oil-induced inflammation, polyarteritis
nodosa, polycystic kidney disease, polymyositis, pontine
glioma, psoriasis, psychosocial stress diseases, pulmonary
disease, pulmonary fibrosis, pulmonary hypertension, pyo-
derma gangrenosum, pyogenic sterile arthritis, renal disease,
retardation, retinal disease, rheumatic disease, sarcoidosis,
sebborrhea, sepsis, sickle cell, silica-induced diseases,
Sjogren’s syndrome, skin diseases, sleep apnea, solid tumors
including brain tumors, spinal cord injury, statin induced
myopathy, stroke, subarachnoid hemorrhage, sunburn,
thrombocytopenia, tissue transplant, TNF receptor associ-
ated periodic syndrome (TRAPS), toxoplasmosis, traumatic
brain injury, tuberculosis, type 1 diabetes, type 2 diabetes,
ulcerative colitis, uveitis, and wound repair.

[0146] A “therapeutically effective amount” means an
amount effective to treat or to prevent development of, or to
alleviate the existing symptoms of, the subject being treated.
Determination of the effective amounts is well within the
capability of those skilled in the art, especially in light of the
detailed disclosure provided herein. Generally, a “therapeu-
tically effective dose” refers to that amount of the compound
that results in achieving the desired effect. For example, in
one preferred embodiment, a therapeutically effective
amount of a compound disclosed herein decreases SPR
activity by at least 5%, compared to control, at least 10%, at
least 15%, at least 20%, at least 25%, at least 30%, at least
35%, at least 40%, at least 45%, at least 50%, at least 55%,
at least 60%, at least 65%, at least 70%, at least 75%, at least
80%, at least 85%, or at least 90%.

[0147] The amount of compound administered can be
dependent on the subject being treated, on the subject’s age,
health, sex, and weight, the kind of concurrent treatment (if
any), severity of the affliction, the nature of the effect
desired, the manner and frequency of treatment, and the
judgment of the prescribing physician. The frequency of
dosing also can be dependent on pharmacodynamic effects
on arterial oxygen pressures. However, the most preferred
dosage can be tailored to the individual subject, as is
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understood and determinable by one of skill in the art,
without undue experimentation. This typically involves
adjustment of a standard dose (e.g., reduction of the dose if
the patient has a low body weight).

[0148] While individual needs vary, determination of opti-
mal ranges of effective amounts of the compound is within
the skill of the art. For administration to a human in the
curative or prophylactic treatment of the conditions and
disorders identified herein, for example, typical dosages of
the compounds of the present invention can be about 0.05
mg/kg/day to about 50 mg/kg/day, for example at least 0.05
mg/kg, at least 0.08 mg/kg, at least 0.1 mg/kg, at least 0.2
mg/kg, at least 0.3 mg/kg, at least 0.4 mg/kg, or at least 0.5
mg/kg, and preferably 50 mg/kg or less, 40 mg/kg or less, 30
mg/kg or less, 20 mg/kg or less, or 10 mg/kg or less, which
can be about 2.5 mg/day (0.5 mg/kgx5 kg) to about 5000
mg/day (50 mg/kgx100 kg), for example. For example,
dosages of the compounds can be about 0.1 mg/kg/day to
about 50 mg/kg/day, about 0.05 mg/kg/day to about 10
mg/kg/day, about 0.05 mg/kg/day to about 5 mg/kg/day,
about 0.05 mg/kg/day to about 3 mg/kg/day, about 0.07
mg/kg/day to about 3 mg/kg/day, about 0.09 mg/kg/day to
about 3 mg/kg/day, about 0.05 mg/kg/day to about 0.1
mg/kg/day, about 0.1 mg/kg/day to about 1 mg/kg/day, about
1 mg/kg/day to about 10 mg/kg/day, about 1 mg/kg/day to
about 5 mg/kg/day, about 1 mg/kg/day to about 3 mg/kg/day,
about 3 mg/day to about 500 mg/day, about 5 mg/day to
about 250 mg/day, about 10 mg/day to about 100 mg/day,
about 3 mg/day to about 10 mg/day, or about 100 mg/day to
about 250 mg/day. Such doses may be administered in a
single dose or it may be divided into multiple doses.
[0149] An SPR inhibitor is contemplated to be useful in
the treatment of any condition wherein the lowering of BH4
levels will provide benefits. The SPR inhibitor is useful
alone, or in combination with other compounds, which may
act to promote the reduction of BH4 levels. The present
section provides a description of how the SPR inhibitors of
the invention may be therapeutically administered to a
subject in need thereof.

[0150] One of the therapeutic embodiments of the inven-
tion is the provision, to a subject in need thereof, composi-
tions comprising one or more SPR inhibitors. In one aspect,
the SPR inhibitor formulation for therapy in a subject is
selected based on the route of administration and in certain
aspects includes liposome and micelle formulations as well
as classic pharmaceutical preparations.

[0151] In various aspects, administration of the composi-
tions is systemic or local, and in still other aspects comprises
a single site injection of a therapeutically-effective amount
of'the SPR inhibitor composition. Any route known to those
of skill in the art for the administration of a therapeutic
composition of the invention is contemplated including, for
example, intravenous, intramuscular, subcutaneous, oral, or
a catheter for long-term administration.

[0152] Combination Therapy:

[0153] Inaddition to therapies based solely on the delivery
of the SPR inhibitor composition, combination therapy is
specifically contemplated. In the context of the invention, it
is contemplated that the SPR inhibitor composition therapy
is used similarly in conjunction with other agents commonly
used for the treatment of elevated levels of BH4 and/or SPR.
[0154] The combination therapy compositions are pro-
vided in a combined amount effective to produce the desired
therapeutic outcome in the treatment of reduced levels of

Apr. 6,2017

BH4 and/or make a detectable change in an indication as
described herein. This process involves administering the
SPR inhibitor and the second agent(s) or factor(s) at the
same time. Methods thus include administering a single
composition or pharmacological formulation that includes
both agents, or administering two distinct compositions or
formulations, at the same time, wherein one composition
includes the SPR inhibitor therapeutic composition and the
other includes the second therapeutic agent.

[0155] Alternatively, the SPR inhibitor treatment precedes
or follows the second therapeutic agent treatment by inter-
vals ranging from minutes to weeks. In embodiments where
the second therapeutic agent and the SPR inhibitor are
administered separately, one generally ensures that a sig-
nificant period of time did not transpire between the times of
each delivery, such that the second therapeutic agent and the
SPR inhibitor are able to exert an advantageously combined
effect. In such instances, it is contemplated that one admin-
isters both modalities within about 12-24 hours of each
other, or alternately, within about 6-12 hours of each other,
or alternately, with a delay time of only about 12 hours.
However, in some situations, it is desirable to extend the
time period for treatment significantly, where several days
(2,3,4,5, 6 or 7) to several weeks (1,2,3,4,5,6,7 or8)
lapse between the respective administrations.

[0156] Systemic delivery of SPR inhibitors to patients is a
very efficient method for delivering a therapeutically effec-
tive amount of the compound to counteract the immediate
clinical manifestations of a disease or disorder. Alterna-
tively, local delivery of the SPR inhibitor and/or the second
therapeutic agent is appropriate in certain circumstances. In
a certain embodiment, it is contemplated that the SPR
inhibitor is delivered to a patient for an extended period of
time. It is further contemplated that the SPR inhibitor is
taken throughout a patient’s lifetime to lower SPR activity
levels.

Dosing and Pharmaceutical Formulations

[0157] Also provided herein are pharmaceutical composi-
tions that includes a compound as disclosed herein, together
with a pharmaceutically acceptable excipient such as a
diluent or carrier. Compounds and pharmaceutical compo-
sitions suitable for use in the present invention include those
wherein the compound can be administered in an effective
amount to achieve its intended purpose. Administration of
the compound described in more detail below.

[0158] Suitable pharmaceutical formulations can be deter-
mined by the skilled artisan depending on the route of
administration and the desired dosage. See, e.g., Reming-
ton’s Pharmaceutical Sciences, 1435-712 (18th ed., Mack
Publishing Co, Easton, Pa., 1990). Formulations may influ-
ence the physical state, stability, rate of in vivo release and
rate of in vivo clearance of the administered agents. Depend-
ing on the route of administration, a suitable dose may be
calculated according to body weight, body surface areas or
organ size. Further refinement of the calculations necessary
to determine the appropriate treatment dose is routinely
made by those of ordinary skill in the art without undue
experimentation, especially in light of the dosage informa-
tion and assays disclosed herein as well as the pharmacoki-
netic data obtainable through animal or human clinical trials.
[0159] The phrases “pharmaceutically acceptable” or
“pharmacologically acceptable” refer to molecular entities
and compositions that do not produce adverse, allergic, or
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other untoward reactions when administered to an animal or
a human. As used herein, “pharmaceutically acceptable
carrier” includes any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents and the like. The use of such
excipients for pharmaceutically active substances is well
known in the art. Except insofar as any conventional media
or agent is incompatible with the therapeutic compositions,
its use in therapeutic compositions is contemplated. Supple-
mentary active ingredients also can be incorporated into the
compositions. In exemplary embodiments, the formulation
may comprise corn syrup solids, high-oleic safflower oil,
coconut oil, soy oil, L-leucine, calcium phosphate tribasic,
L-tyrosine, L-proline, L-lysine acetate, DATEM (an emul-
sifier), L-glutamine, [.-valine, potassium phosphate dibasic,
L-isoleucine, L-arginine, [-alanine, glycine, [-asparagine
monohydrate, L-serine, potassium citrate, L-threonine,
sodium citrate, magnesium chloride, L-histidine, [.-methio-
nine, ascorbic acid, calcium carbonate, L-glutamic acid,
L-cystine dihydrochloride, L-tryptophan, L-aspartic acid,
choline chloride, taurine, m-inositol, ferrous sulfate, ascor-
byl palmitate, zinc sulfate, [-carnitine, alpha-tocopheryl
acetate, sodium chloride, niacinamide, mixed tocopherols,
calcium pantothenate, cupric sulfate, thiamine chloride
hydrochloride, vitamin A palmitate, manganese sulfate, ribo-
flavin, pyridoxine hydrochloride, folic acid, beta-carotene,
potassium iodide, phylloquinone, biotin, sodium selenate,
chromium chloride, sodium molybdate, vitamin D3 and
cyanocobalamin.

[0160] As wused herein, “pharmaceutically acceptable
salts” include, for example base addition salts and acid
addition salts.

[0161] Pharmaceutically acceptable base addition salts
may be formed with metals or amines, such as alkali and
alkaline earth metals or organic amines. Pharmaceutically
acceptable salts of compounds may also be prepared with a
pharmaceutically acceptable cation. Suitable pharmaceuti-
cally acceptable cations are well known to those skilled in
the art and include alkaline, alkaline earth, ammonium and
quaternary ammonium cations. Carbonates or hydrogen
carbonates are also possible. Examples of metals used as
cations are sodium, potassium, magnesium, ammonium,
calcium, or ferric, and the like. Examples of suitable amines
include isopropylamine, trimethylamine, histidine, N,N'-
dibenzylethylenediamine, chloroprocaine, choline, dietha-
nolamine, dicyclohexylamine, ethylenediamine, N-methyl-
glucamine, and procaine.

[0162] Pharmaceutically acceptable acid addition salts
include inorganic or organic acid salts. Examples of suitable
acid salts include the hydrochlorides, formates, acetates,
citrates, salicylates, nitrates, phosphates. Other suitable
pharmaceutically acceptable salts are well known to those
skilled in the art and include, for example, formic, acetic,
citric, oxalic, tartaric, or mandelic acids, hydrochloric acid,
hydrobromic acid, sulfuric acid or phosphoric acid; with
organic carboxylic, sulfonic, sulfo or phospho acids or
N-substituted sulfamic acids, for example acetic acid, trif-
Iuoroacetic acid (TFA), propionic acid, glycolic acid, suc-
cinic acid, maleic acid, hydroxymaleic acid, methylmaleic
acid, fumaric acid, malic acid, tartaric acid, lactic acid,
oxalic acid, gluconic acid, glucaric acid, glucuronic acid,
citric acid, benzoic acid, cinnamic acid, mandelic acid,
salicylic acid, 4-aminosalicylic acid, 2-phenoxybenzoic
acid, 2-acetoxybenzoic acid, embonic acid, nicotinic acid or
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isonicotinic acid; and with amino acids, such as the 20 alpha
amino acids involved in the synthesis of proteins in nature,
for example glutamic acid or aspartic acid, and also with
phenylacetic acid, methanesulfonic acid, ethanesulfonic
acid, 2-hydroxyethanesulfonic acid, ethane 1,2-disulfonic
acid, benzenesulfonic acid, 4-methylbenzenesulfonic acid,
naphthalene 2-sulfonic acid, naphthalene 1,5-disulfonic
acid, 2- or 3-phosphoglycerate, glucose 6-phosphate, N-cy-
clohexylsulfamic acid (with the formation of cyclamates), or
with other acid organic compounds, such as ascorbic acid.

[0163] Pharmaceutical compositions containing the com-
pounds disclosed herein can be manufactured in a conven-
tional manner, e.g., by conventional mixing, dissolving,
granulating, dragee-making, levigating, emulsifying, encap-
sulating, entrapping, or lyophilizing processes. Proper for-
mulation is dependent upon the route of administration
chosen.

[0164] For oral administration, suitable compositions can
be formulated readily by combining a compound disclosed
herein with pharmaceutically acceptable excipients such as
carriers well known in the art. Such excipients and carriers
enable the present compounds to be formulated as tablets,
pills, dragees, capsules, liquids, gels, syrups, slurries, sus-
pensions and the like, for oral ingestion by a patient to be
treated. Pharmaceutical preparations for oral use can be
obtained by adding a compound as disclosed herein with a
solid excipient, optionally grinding a resulting mixture, and
processing the mixture of granules, after adding suitable
auxiliaries, if desired, to obtain tablets or dragee cores.
Suitable excipients include, for example, fillers and cellulose
preparations. If desired, disintegrating agents can be added.
Pharmaceutically acceptable ingredients are well known for
the various types of formulation and may be for example
binders (e.g., natural or synthetic polymers), lubricants,
surfactants, sweetening and flavoring agents, coating mate-
rials, preservatives, dyes, thickeners, adjuvants, antimicro-
bial agents, antioxidants and carriers for the various formu-
lation types.

[0165] When a therapeutically effective amount of a com-
pound disclosed herein is administered orally, the compo-
sition typically is in the form of a solid (e.g., tablet, capsule,
pill, powder, or troche) or a liquid formulation (e.g., aqueous
suspension, solution, elixir, or syrup).

[0166] When administered in tablet form, the composition
can additionally contain a functional solid and/or solid
carrier, such as a gelatin or an adjuvant. The tablet, capsule,
and powder can contain about 1 to about 95% compound,
and preferably from about 15 to about 90% compound.

[0167] When administered in liquid or suspension form, a
functional liquid and/or a liquid carrier such as water,
petroleum, or oils of animal or plant origin can be added.
The liquid form of the composition can further contain
physiological saline solution, sugar alcohol solutions, dex-
trose or other saccharide solutions, or glycols. When admin-
istered in liquid or suspension form, the composition can
contain about 0.5 to about 90% by weight of a compound
disclosed herein, and preferably about 1 to about 50% of a
compound disclosed herein. In one embodiment contem-
plated, the liquid carrier is non-aqueous or substantially
non-aqueous. For administration in liquid form, the compo-
sition may be supplied as a rapidly-dissolving solid formu-
lation for dissolution or suspension immediately prior to
administration.
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[0168] When a therapeutically effective amount of a com-
pound disclosed herein is administered by intravenous,
cutaneous, or subcutaneous injection, the composition is in
the form of a pyrogen-free, parenterally acceptable aqueous
solution. The preparation of such parenterally acceptable
solutions, having due regard to pH, isotonicity, stability, and
the like, is within the skill in the art. A preferred composition
for intravenous, cutaneous, or subcutaneous injection typi-
cally contains, in addition to a compound disclosed herein,
an isotonic vehicle. Such compositions may be prepared for
administration as solutions of free base or pharmacologi-
cally acceptable salts in water suitably mixed with a surfac-
tant, such as hydroxypropylcellulose. Dispersions also can
be prepared in glycerol, liquid polyethylene glycols, and
mixtures thereof and in oils. Under ordinary conditions of
storage and use, these preparations can optionally contain a
preservative to prevent the growth of microorganisms.

[0169] Injectable compositions can include sterile aqueous
solutions, suspensions, or dispersions and sterile powders
for the extemporaneous preparation of sterile injectable
solutions, suspensions, or dispersions. In all cases the form
must be sterile and must be fluid to the extent that easy
syringability exists. It must be stable under the conditions of
manufacture and storage and must resist the contaminating
action of microorganisms, such as bacteria and fungi, by
optional inclusion of a preservative. The carrier can be a
solvent or dispersion medium containing, for example,
water, ethanol, polyol (e.g., glycerol, propylene glycol, and
liquid polyethylene glycol, and the like), suitable mixtures
thereof, and vegetable oils. In one embodiment contem-
plated, the carrier is non-aqueous or substantially non-
aqueous. The proper fluidity can be maintained, for example,
by the use of a coating, such as lecithin, by the maintenance
of the required particle size of the compound in the case of
dispersion and by the use of surfactants. The prevention of
the action of microorganisms can be brought about by
various antibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, sorbic acid, thimerosal,
and the like. In many cases, it will be preferable to include
isotonic agents, for example, sugars or sodium chloride.
Prolonged absorption of the injectable compositions can be
brought about by the use in the compositions of agents
delaying absorption, for example, aluminum monostearate
and gelatin.

[0170] Sterile injectable solutions are prepared by incor-
porating the active compounds in the required amount in the
appropriate solvent with various of the other ingredients
enumerated above, as required, followed by filtered steril-
ization. Generally, dispersions are prepared by incorporating
the various sterilized active ingredients into a sterile vehicle
which contains the basic dispersion medium and the
required other ingredients from those enumerated above. In
the case of sterile powders for the preparation of sterile
injectable solutions, the preferred methods of preparation
are vacuum-drying and freeze-drying techniques which
yield a powder of the active ingredient plus any additional
desired ingredient from a previously sterile-filtered solution
thereof.

[0171] Slow release or sustained release formulations may
also be prepared in order to achieve a controlled release of
the active compound in contact with the body fluids in the
GI tract, and to provide a substantially constant and effective
level of the active compound in the blood plasma. For
example, release can be controlled by one or more of
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dissolution, diffusion, and ion-exchange. In addition, the
slow release approach may enhance absorption via saturable
or limiting pathways within the GI tract. For example, the
compound may be embedded for this purpose in a polymer
matrix of a biological degradable polymer, a water-soluble
polymer or a mixture of both, and optionally suitable sur-
factants. Embedding can mean in this context the incorpo-
ration of micro-particles in a matrix of polymers. Controlled
release formulations are also obtained through encapsulation
of dispersed micro-particles or emulsified micro-droplets via
known dispersion or emulsion coating technologies.

[0172] For administration by inhalation, compounds of the
present invention are conveniently delivered in the form of
an aerosol spray presentation from pressurized packs or a
nebulizer, with the use of a suitable propellant. In the case
of a pressurized aerosol, the dosage unit can be determined
by providing a valve to deliver a metered amount. Capsules
and cartridges of, e.g., gelatin, for use in an inhaler or
insufflator can be formulated containing a powder mix of the
compound and a suitable powder base such as lactose or
starch.

[0173] The compounds disclosed herein can be formulated
for parenteral administration by injection (e.g., by bolus
injection or continuous infusion). Formulations for injection
can be presented in unit dosage form (e.g., in ampules or in
multidose containers), with an added preservative. The
compositions can take such forms as suspensions, solutions,
or emulsions in oily or aqueous vehicles, and can contain
formulatory agents such as suspending, stabilizing, and/or
dispersing agents.

[0174] Pharmaceutical formulations for parenteral admin-
istration include aqueous solutions of the compounds in
water-soluble form. Additionally, suspensions of the com-
pounds can be prepared as appropriate oily injection sus-
pensions. Suitable lipophilic solvents or vehicles include
fatty oils or synthetic fatty acid esters. Aqueous injection
suspensions can contain substances which increase the vis-
cosity of the suspension. Optionally, the suspension also can
contain suitable stabilizers or agents that increase the solu-
bility of the compounds and allow for the preparation of
highly concentrated solutions. Alternatively, a present com-
position can be in powder form for constitution with a
suitable vehicle (e.g., sterile pyrogen-free water) before use.
[0175] Compounds disclosed herein also can be formu-
lated in rectal compositions, such as suppositories or reten-
tion enemas (e.g., containing conventional suppository
bases). In addition to the formulations described previously,
the compounds also can be formulated as a depot prepara-
tion. Such long-acting formulations can be administered by
implantation (e.g., subcutaneously or intramuscularly) or by
intramuscular injection. Thus, for example, the compounds
can be formulated with suitable polymeric or hydrophobic
materials (for example, as an emulsion in an acceptable oil)
or ion exchange resins, or as sparingly soluble derivatives,
for example, as a sparingly soluble salt.

[0176] In particular, a compound disclosed herein can be
administered orally, buccally, or sublingually in the form of
tablets containing excipients, such as starch or lactose, or in
capsules or ovules, either alone or in admixture with excipi-
ents, or in the form of elixirs or suspensions containing
flavoring or coloring agents. Such liquid preparations can be
prepared with pharmaceutically acceptable additives, such
as suspending agents. A compound also can be injected
parenterally, for example, intravenously, intramuscularly,
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subcutaneously, or intracoronarily. For parenteral adminis-
tration, the compound is best used in the form of a sterile
aqueous solution which can contain other substances, for
example, salts, or sugar alcohols, such as mannitol, or
glucose, to make the solution isotonic with blood.

[0177] For veterinary use, a compound disclosed herein is
administered as a suitably acceptable formulation in accor-
dance with normal veterinary practice. The veterinarian can
readily determine the dosing regimen and route of admin-
istration that is most appropriate for a particular animal.

[0178] Insome cases, all the necessary components for the
treatment of an SPR-related disorder using a compound as
disclosed herein either alone or in combination with another
agent or intervention traditionally used for the treatment of
such disease may be packaged into a kit. Specifically, the
present invention provides a kit for use in the therapeutic
intervention of the disease comprising a packaged set of
medicaments that include the compound disclosed herein as
well as buffers and other components for preparing deliv-
erable forms of said medicaments, and/or devices for deliv-
ering such medicaments, and/or any agents that are used in
combination therapy with the compound disclosed herein,
and/or instructions for the treatment of the disease packaged
with the medicaments. The instructions may be fixed in any

tangible medium, such as printed paper, or a computer
readable magnetic or optical medium, or instructions to
reference a remote computer data source such as a world
wide web page accessible via the internet.

Synthesis of Compounds Disclosed Herein

[0179] The compounds disclosed herein can be prepared
following the methods outlined in detail in the Examples,
using suitable modifications to the starting reagents. One of
skill in the art, in view of the teachings of the Examples and
using typical organic chemistry techniques, can synthesize a
compound as disclosed herein.

[0180] In some cases, compounds of formula I can be
prepared by converting an appropriate thiouracil to a hydra-
zine intermediate, coupling the hydrazine intermediate with
an appropriate enamine reagent to form a compound of
formula I or an intermediate having a pyrazolyl moiety, and
further reacting the intermediate having a pyrazolyl moiety
so as to couple with an appropriate amine (for example,
using reagents such as HATU or HATU/HOAL) to provide a
compound of formula I as shown in the Scheme 1 and
Scheme 2.
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intermediate having a pyrazolyl moiety, and further reacting

the intermediate having a pyrazolyl moiety so as to couple
with an appropriate amine (for example, using reagents such

as HATU or HATU/HOAL) to provide a compound of
formula I as shown in Schemes 3 and 4.
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[0181] In some cases, compounds of formula I can be
prepared by converting an appropriate dichloropyrimidine to
a hydrazine intermediate, coupling the hydrazine interme-
diate with an appropriate enamine reagent to form an

gy

Scheme 3
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[0182]
prepared by converting an appropriate cyclopentanone to a
hydrazine intermediate, coupling the hydrazine intermediate

In some cases, compounds of formula I can be

with an appropriate enamine reagent to form an intermediate
having a pyrazolyl moiety, and further reacting the interme-
diate having a pyrazolyl moiety so as to couple with an
appropriate amine (for example, using reagents such as
HATU or HATU/HOAL) to provide a compound of formula
I as shown in Scheme 5.
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[0183] In some cases, compounds of formula I can be
prepared by coupling an appropriate hydrazine intermediate
with an appropriate enamine, enol ether, aldehyde, or ketone
reagent to form an intermediate having a pyrazolyl moiety,
and further reacting the intermediate having a pyrazolyl
moiety so as to couple with an appropriate amine (for
example, using reagents such as HATU or HATU/HOAL) to
provide a compound of formula I as shown in Scheme 6.
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[0184] In some cases, compounds of formula I can be

prepared by coupling an appropriate hydrazine intermediate
with an appropriate dialdehyde reagent to form an interme-
diate having a pyrazolyl moiety, and further reacting the
intermediate having a pyrazolyl moiety so as to couple with
an appropriate amine (for example, using reagents such as
HATU or HATU/HOAL) to provide a compound of formula
I as shown in Scheme 7.
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O
o} O/j)‘\OEt
| NH O/
=
H,C N 1|\1H
NH,
O
NH
| —
F 0]
HiC N 1|\1:>_<
Ny
OEt
O
NH
| )\
= (0]
H;C N 1|\1:>_<
N,
OH
O
| NH
H;C N)\N
3 (0]
|:>\(
Ny
N
F
F F
[0185] In some cases, compounds of formula I can be

prepared by coupling an appropriate chloropyrimidine or
sulfonyl pyrimidine with an appropriate pyrazolyl moiety to
form a compound of formula I or an intermediate having a
pyrazolyl moiety, and further reacting the intermediate hav-
ing a pyrazolyl moiety so as to couple with an appropriate
amine (for example, using reagents such as HATU or
HATU/HOAL) to provide a compound of formula I as shown
in Schemes 8, 9, 10 and 11.
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[0186] In some cases, compounds of formula I can be

prepared by coupling an appropriate bromo-cyclopropylide-
neacetate with an appropriate pyrazolyl moiety to form an
intermediate having a pyrazolyl moiety, and further reacting
the intermediate having a pyrazolyl moiety so as to couple
with an appropriate amine (for example, using reagents such
as HATU or HATU/HOAL) to provide a compound of
formula I as shown in Scheme 12.
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[0187] In some cases, compounds of formula I can be
prepared by coupling an appropriate azide with an appro-
priate -keto ester to form an intermediate having a triazolyl
moiety, and further reacting the intermediate having a tri-
azolyl moiety so as to couple with an appropriate amine (for
example, using reagents such as HATU or HATU/HOALY) to
provide a compound of formula I as shown in Scheme 13.
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(¢]
o NH NaNO,
\ N Z NH,
~ N N/
H
0 (¢] (¢]
M O/
NS NH
\ )\ MeOH, TEA
N, = 75°C. 16 h
N N

Apr. 6,2017

-continued

(¢]
o NH LiOH
\_N /I\ 2
N
N Il\I \
NQN o
(¢]
CH‘\ NH Amide coupling
O _—m
N )\
~ N Il\I /g/(
NQN OH
(¢]

— NH

[0188] Amines that are not commercially available can be
prepared by standard procedures. In some cases, amines that
are not commercially available can be prepared by coupling
an appropriate aryl bromide with a mono-protected cyclic
diamine, followed by deprotection of the amine protecting
group to obtain the amine, for example, as shown in Scheme
14.

Scheme 14
Br.

CN

Mg
BQNH

A
PO

O

[0189] In some cases, amines that are not commercially
available can be prepared by reducing an appropriate pro-
tected aminoketone to obtain the corresponding alcohol,
protecting the alcohol with an appropriate protecting group,
further reacting with an appropriate reagent so as to convert
the protected alcohol to a desired functional group (e.g., a
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cyano group), followed by deprotection of the amine pro-
tecting group to obtain the amine, for example, as shown in
Scheme 15.

> A

Scheme 15

><J4N

NaBH,
N _McOH

NaCN
DMSO
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once with PBS. They were then sealed and stored at -80° C.
or immediately used. The cells were lysed and the level of
BH4 was assessed by LC-MS.
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—_—
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—_—
80°for1h

OMs
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Assessment of SPR Inhibitory Activity

[0190] The compounds disclosed herein can be assessed
for SPR inhibitory activity. Typically, a compound is
assayed by an enzymatic assay (e.g., a TR-FRET assay)
and/or a cellular assay (e.g., SKN-N-BE(2) cells or human
PBMC (Peripheral Blood Mononuclear Cells)) as described
below.

[0191] TR-FRET Assay: A TR-FRET (homogeneous,
time-resolved, fluorescence resonance energy transfer) assay
was used to assess activity of compounds following standard
assay conditions. Terbium labeled SNAP-hSPR and SSZ
(sulfasalazine) labeled SNAP-EGFP were used as the pro-
tein pair in this assay according to the procedure described
in Haruki et al., Science, 430:987 (2013). Compounds were
screened at different concentrations and IC50 values calcu-
lated.

[0192] SKN-N-BE(2) Cellular Assay: SK-N-BE (2) cells
were seeded in sterile, 96-well plates and incubated for
12-24 hours at 37° C. with 5% CO, supply. Media was
removed and fresh DMEM/F-12 media (containing Gluta-
mine & Pen/Strep but no FBS) was added. Compounds (at
different concentrations) were added to different wells. The
plates were then incubated for 6-48 hours at 37° C. with 5%
CO, supply. Plates were then centrifuged and the superna-
tant was removed. The plates were then optionally washed

HCl

NH,

TFA
HN

CN

[0193] hPBMC Assay: PBMCs were either purchased or
isolated from fresh human blood and used either as a fresh
preparation or frozen for later use. The assay system was
prepared by pre-treating the assay plates overnight with a
solution containing anti-human CD3 antibody. Human
PBMCs were suspended in assay medium and plated into the
assay plates at a density of 1-4x10° cells per well. The
desired concentration of the test compound was added to
each well. A solution of human anti-CD28 antibody was also
added to each well. Plates were incubated for 12-48 hours at
37° C. and 5% CO,. Assay plates were centrifuged for 5-15
minutes at 1-3000 RMP and supernatants were removed.
The cells were lysed, sealed and used directly or frozen at
-80° C. LC-MS was used to quantify the amount of inhi-
bition of BH4 production.

Assessment of Pain Behavior

[0194] The compounds disclosed herein can be assessed
for effect on pain behavior. Typically, a compound is assayed
by a behavioral pharmacology model as described below.

[0195] Behavioral Pharmacology Model: Compounds
were administered by oral gavage to rats that had undergone
one of two nerve injury surgeries: spared nerve injury to
injure two of the three peripheral branches of the sciatic
nerve or chronic constriction injury of the sciatic nerve. Paw
withdrawal thresholds to mechanical stimulation using cali-
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brated von Frey filaments were used as measurement of

neuropathic pain-like behaviors.

EXAMPLES

[0196] In the examples and throughout the specification,
the following abbreviations are used.

cone. concentrated

DCM dichloromethane

DMF N,N-dimethylformamide
DMSO dimethylsulfoxide

Et,O diethyl ether

EtOAc or EA ethyl acetate

MeOH methanol

EtOH ethanol

THF tetrahydrofuran

DIPEA N,N-diisopropylethylamine
DAST diethylaminosulfur trifluoride

LDA lithium diisopropylamide

mCPBA 3-chloroperoxybenzoic acid

Pd(OAc), palladium(II) acetate

TEA triethylamine

DIAD diisopropyl azodicarboxylate

NaHCO; Sodium bicarbonate

Na,CO; Sodium Carbonate

MgSO, Magnesium sulphate

Na,SO, Sodium Sulphate

Sio, silica

h hour

rt. room temperature

RT retention time

br broad

M mass

HPLC High Performance Liquid Chromatography

LC-MS Liquid Chromatography Mass Spectrometry

ES+ Electrospray Positive Ionisation

ES- Electrospray Negative Ionisation

brine aqueous sodium chloride solution

EDC 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride

HATU O-(7-azabenzotriazol-1-y1)-N,N,N' N~
tetramethyluronium hexafluorophosphate

Pd(PPh;), tetrakis(triphenylphosphine)palladium(0)

HOAt 1-Hydroxy-7-azabenzotriazole

PE Petroleum ether

SGC Silica gel chromatography

TLC Thin layer chromatography

GC-MS Gas chromatography mass spectrometry

PdClL,(dppf) [1,1"-
bis(diphenylphosphino)ferrocene]dichloropalladium(IT)

T3P Propylphosphonic anhydride

COMU (1-Cyano-2-ethoxy-2-
oxoethylidenaminooxy)dimethylamino-
morpholino-carbenium
hexafluorophosphate

SCX propylsulfonic acid bonded sorbent

purification cartridge

General Procedures

[0197]
used.

The following analytical LC-MS methods were

Method A: (2 min IPC)

MET/CR/1673

Column: Supelco Ascentis Express C18, 30 mm x 2.1 mm, 2.7 pm
Flow rate: 1.0 ml/min

Mobile Phase: A, Formic acid (aqueous) 0.1% and B, Formic acid
(MeCN) 0.1%

Injection Vol: 3 ul

Temp.: 40° C.

Detection: 215 nm (nominal)

Apr. 6,2017

-continued

Gradient Time (minutes) - % B

0.00-5

1.50-100

1.60-100

1.61-5

Method B: (1.7 min IPC)

MET/CR/1410

Column: Kinetex Core-Shell C18, 50 mm x 2.1 mm, 5.0 um
Flow rate: 1.2 ml/min

Mobile Phase: A, Formic acid (aqueous) 0.1% and B, Formic acid
(MeCN) 0.1%

Injection Vol: 3 pl

Temp.: 40° C.

Detection: 215 nm (nominal)

Gradient Time (minutes) - % B

0.00-5

1.20-100

1.30-100

1.31-5

Method C: (7 min IPC)

MET/u-HPLC (low pH 7 min method)

Column: Phenomenex Kinetex-XB C18, 2.1 mm x 100 mm, 1.7 pm
Flow rate: 0.6 ml/min

Mobile Phase: A, Formic acid (aqueous) 0.1% and B, Formic acid
(MeCN) 0.1%

Injection Vol: 3 pl

Temp.: 40° C.

Detection: 215 nm (nominal)

Gradient Time (minutes) - % B

0.00-5

5.30-100

5.80-100

5.82-5

[0198] The following preparative HPL.C and SFC methods
were used.

Method D:

SFC: 10% Methanol: 90% CO, on a 25 cm OJ-H Column, at 15 ml/min.
Method E:

Generic high pH prep method (Gilson 3 and Gilson 5)

Column: Waters Xbridge C18 (30 x 100 mm, 10 um)

Flow rate: 40 ml/min

Mobile Phase: A, Water + 0.2% Ammonium hydroxide, B, Acetonitrile +
0.2% Ammonium hydroxide

Injection Vol.: 1500 pl

Temperature: r.t.

Detection: 215 nm

Gradient Time (minutes) - % B

0.0-5

2.5-5

16.05-95

18.2-95

19.1-5

20-5

Method F:

Generic neutral pH prep method (Waters 1)

Column: Waters Sunfire C18 (30 x 100 mm, 10 um), Part no. 186003971
Flow rate: 40 ml/min

Mobile Phase: A, Water, B, Acetonitrile

Injection Vol: 1500 pl

Temperature: r.t.

Detection: 215 nm

Gradient Time (minutes) - % B

0-10

2-10

2.5-15

14.5-100

15.5-100

16-10

17-10

Method G:

Generic low pH prep method (Waters 2)

Column: Waters Sunfire C18 (30 x 100 mm, 10 um), Part no. 186003971
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-continued

Flow rate: 40 ml/min

Mobile Phase: A, Water + 0.1% Formic acid, B, Acetonitrile + 0.1%
Formic acid

Injection Vol.: 1500 ul
Temperature: r.t.

Detection: 215 nm

Gradient Time (minutes) - % B
0-5

2-5

2.5-10

14.5-10

15.5-100

16-5

[0199] The following preparative chiral separation and
analysis methods were used.

Method H:

Separation

Column: SFC ChiralPak AS (250 mm x 20 mm, 5 um)
Flow rate: 50 mL/min

Eluent: MeOH/CO, 50% (TFA was added as a modifier)
Injection Vol: 0.7 mL (7 mg)

Detection: 218 nm

Method I:

Analysis

Column: SFC ChiralPak AS (250 mm x 4.6 mm, 5 um)
Flow rate: 4 mL/min

Eluent: MeOH/CO?2 45% (TFA was added as a modifier)
Method I:

Separation

Column: HPLC Lux C1 (20 mm x 250 mm, 5 um)
Flow rate: 21 mL/min

Eluent: HEPT/EtOH (50:50) (TFA was added as a modifier)
Injection Vol: 0.5 mL (10 mg)

Detection: 210 nm

Method K:

Analysis

Column: HPLC Lux C1 (4.6 mm x 250 mm, 5 um)
Eluent: HEPT/EtOH (40:60) (TFA was added as a modifier)
Flow rate: 4 mL/min.

Method L:

Separation

Column: ChiralPak AD (20 mm x 250 mm, 20 um)
Eluent: EtOH (TFA was added as a modifier)

Flow rate was 21 mL/min

Method M:

Analysis

Column: HPLC using a YMC AMY-C (4.6 mm x 250 mm, 5 um)
Eluent EtOH (TFA was added as a modifier)

Flow rate: 1 mL/min

Method N:

Separation

Column: HPLC Chiralcel OD-H 25 cm

Eluent: ethanol + 0.1% formic acid

Flow rate: 5 ml/min

Method O:

Separation

Column: Lux A2 (20 mm x 250 mm, 5 um)

Eluent: EtOH (TFA was added as a modifier)

Flow rate: 21 mL/min

Detection: 210 nm

[0200] The following LC-MS methods were used.

Method A"

Column: SunFire C18 (4.6 x 50 mm, 3.5 um)

Mobile phase: H, O (0.05% TFA) (A)/ACN (0.05% TFA) (B)

Elution program: Gradient from 5 to 100% of B in 1.3 min at 2 mL/min
Temperature: 50° C.

Detection: UV (214, 254 nm) and MS (ESI, Pos mode, 110 to 1000 amu)

Method B"

Column: Chromolith Fast Gradien RP-18e, 50-3 mm

Mobile Phase: A: Water (0.01% TFA) B: ACN (0.01% TFA)

Gradient: 5% B increase to 100% B within 0.8 min, 100% B for 1.1 min.
Flow Rate: 1.5 mL/min

Column Temperature: 40° C.

Mass Range: 103-1100

Method C"

Column: Sunfire C18 4.6 x 50 mm, 3.5 um

Mobile phase: H,O (0.01% TFA) (A)/ACN (0.01% TFA) (B)

Elution program: Gradient from 5 to 95% of B in 1.4 min at 2.0 ml/min
Temperature: 45° C.

Detection: UV (214, 254 nm) and MS (ESI, POS mode, 113 to 1200 amu)
Method D":

Column: Sunfire C18 2.5 um3 * 30 mm

Mobile Phase: A: water (0.01% TFA) B: ACN (0.01% TFA)

Gradient: 5%-95% B in 1.5 min

Flow Rate: 1.5 mL/min

Mass Range: 110-1000 UV: 214 nm; 254 nm

Oven Temperature: 50° C.

Method E':

Column: SunFire C18, 4.6 * 50 mm, 3.5 um

Mobile Phase: A: Water (0.01% TFA) B: ACN (0.01% TFA)

Gradient: 5% B increase to 95% B within 1.2 min, 95% B for 1.3 min,
back to 5% B within 0.01 min.

Flow Rate: 2.0 mL/min

Column Temperature: 50° C.

Method F':

Column: Xbridge C18 (4.6 x 50 mm, 3.5 um)

Mobile phase: H20 (10 mmol NH,HCO;) (A)/ACN(B)

Elution program: Gradient from 5 to 95% of B in 1.3 min at 1.8 ml/min
Temperature: 50° C.

Detection: UV (214, 254 nm) and MS (ESI, POS mode, 110 to 1000 amu)
Method G":

Column: Xbridge, 3.5um, 50 * 4.6 mm

Mobile Phase: A: 10 m mol/L. NH,;HCO; in water B: ACN

Gradient: 5% B increase to 95% B within 1.5 min, 95% B for 1.0 min,
back to 5% B within 0.01 min.

Flow Rate: 2 mL/min

Oven Temperature: 50° C.

Method H":

Column: Xbridge C18 4.6 * 50 mm 3.5 um

Mobile Phase: A: 10 mM NH,HCO; in water B: ACN

Gradient: 5% B increase to 95% B within 1.2 min, 95% B for 1.3 min,
back to 5% B within 0.01 min.

Flow Rate: 2.0 mL/min

Oven Temperature: 50° C.

Method I":

Column: Gemini-NX 3u C18 (4.6 x 50 mm, 3 um)

Mobile phase: H,O (10 mmol NH,HCO;) (A)/ACN (B)

Elution program: Gradient from 10 to 95% of B in 1.5 min at 1.8 mL/min
Temperature: 50° C.

Detection: UV (214, 254 nm) and MS (ESI, Pos mode, 70 to 900 amu)
Method I':

Column: Xbridge C18(2) (4.6 x 50 mm, 3.5 um)

Mobile phase: H,O (10 mmol NH4HCO3) (A)YACN (B)

Elution program: Gradient from 10 to 95% of B in 1.5 min at 1.8 mL/min
Temperature: 50° C.

Detection: UV (214, 254 nm) and MS (ESI, Pos mode, 110 to 1100 amu)
Method K":

Column: YMC C18 Plus, 4.6 * 50 mm, 3 um, 12 nm

Mobile Phase: A: water (10 mM Ammonium hydrogen carbonate) B:
ACN

Gradient: 5%-95% B in 1.6 min

Flow Rate: 1.6 mL/min

Oven Temperature: 50° C.

MS Range: 110-1100
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Preparative Example 1—Method 1: Formation of
Intermediates from Corresponding Thiouracils
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H
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Intermediate 1: Preparation of
2-hydrazinyl-6-methyl-3,4-dihydropyrimidin-4-one

Step 1: Synthesis of 6-methyl-2-(methylsulfanyl)-3,
4-dihydropyrimidin-4-one

[0202]

| NH
)\ CH;
HaC N s~

(EV-A05743-001)

[0203] To water (500 mL) was added NaOH (97%, 15.7 g,
381 mmol) and the suspension stirred at r.t. for 10 mins.
6-methyl-2-sulfanylidene-1,2,3 4-tetrahydropyrimidin-4-
one (98%, 53.5 g, 369 mmol) was added and the mixture
stirred until fully dissolved for 10 mins. lodomethane (28.99
ml, 461 mmol) was added dropwise and the mixture stirred
at r.t. for 4 h. The colorless solid was filtered, washed with
ice cold water (2x100 mL) and dried under vacuum at 60°
C. to afford the title compound (57 g, 98%) as a colorless
solid.

[0204] Method A: LC-MS m/z=156.9 [M+H]*; RT=0.61
min.

Step 2: Synthesis of
2-hydrazinyl-6-methyl-3,4-dihydropyrimidin-4-one
(Intermediate 1)

[0205]

(Intermediate 1)

NH

| P NH,
H,C N g/

(EV-AN7477-001)

[0206] To a stirred solution of 6-methyl-2-(methylsulfa-
nyl)-3,4-dihydropyrimidin-4-one (11.9 g, 76.18 mmol) in
EtOH (30 mL) was added hydrazine hydrate (15.75 mL,
0.32 mol) and stirred at 80° C. for 5.5 h. The reaction
mixture was allowed to cool to r.t. and the resulting pre-
cipitate was collected and dried by vacuum filtration, wash-
ing with water (3 mL) to afford the title compound (9.20 g,
85%) as an off white powder.

[0207] Method A: LC-MS m/z=140.90 [M+H]*; RT=0.18
min.

Apr. 6,2017

Intermediate 2: Preparation of 5-methyl-1-(4-
methyl-6-0x0-1,6-dihydropyrimidin-2-yl)-1H-pyra-
zole-4-carboxylic acid

Step 1: Synthesis of methyl-5-methyl-1-(4-methyl-
6-0x0-1,6-dihydropyrimidin-2-y1)-1H-pyrazole-4-
carboxylate

[0208]

Q-310

HyC N N

N O/CH3

(EV-A07527-001)

[0209] To a stirred suspension of hydrazinyl-6-methyl-3,
4-dihydropyrimidin-4-one (Intermediate 1, 6.82 g, 48.66
mmol) in EtOH (70 mL) was added methyl (27)-2-[(dim-
ethylamino)methylidene]-3-oxobutanoate (8.33 g, 48.66
mmol) (Intermediate 3) followed by addition of AcOH (9.75
mL) and stirred at 80° C. for 1 h. The reaction mixture was
cooled to r.t., at which point the product precipitated out of
solution, and was filtered under vacuum, washing sparingly
with EtOH, to afford the title compound (6.02 g, 50%) as a
fluffy pale peach powder.

[0210] Method A: LC-MS m/z=248.95 [M+H]*; RT=1.01
min.

Step 2: Synthesis of 5-methyl-1-(4-methyl-6-0xo0-1,
6-dihydropyrimidin-2-yl)-1H-pyrazole-4-carboxylic
acid (Intermediate 2)

[0211]
(Intermediate 2)
H;C N N

N OH

(EV-A07528-001)
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[0212] To a stirred suspension of methyl-5-methyl-1-(4-
methyl-6-0x0-1,6-dihydropyrimidin-2-yl1)-1H-pyrazole-4-
carboxylate (6.02 g, 24.25 mmol) in THF (40 mL) was
added 3M aq NaOH solution (40.42 mL), followed by water
(20 mL) to aid dissolution and stirred at r.t. for 1 h. The
reaction mixture was concentrated in vacuo to remove the
THF and then acidified to pH 6 using 1M aq HCI solution.
The resultant white solid was filtered under vacuum, wash-
ing with Et,O, and dried to afford the title compound (5.45
g, 96%) as an off white powder.

[0213] Method A: LC-MS m/z=234.9 [M+H]*; RT=0.84
min.

Intermediate 3: Preparation of methyl-2-[(dimethyl-
amino)methylidene]-3-oxobutanoate

[0214]
(Intermediate 3)
(€] (6]
CH,
H;C | o
H;C
3 \Il\]
CH;
(EV-AL6988-001)
[0215] Methyl 3-oxobutanoate (40 g, 0.34 mol) and 1,1-

dimethoxy-N,N-dimethylmethanamine (54.92 ml, 0.41
mol) were combined and stirred at 80° C. for 2 hours. The
reaction mixture was concentrated in vacuo and the resulting
oil was dried for 24 hours under vacuum to afford 56.53 g
(86.3%) of the title compound as a dark red solid: *"H NMR
(500 MHz, DMSO-d6) 8 7.62 (s, 1H), 3.63 (s, 3H), 3.24-
2.96 (m, 3H), 2.90-2.58 (m, 3H), 2.13 (s, 3H).

Intermediate 4: Preparation of
2-ethyl-2,3-dihydro-1H-indole

[0216]
(Intermediate 4)
CH;
NH
(EV-AB8093-001)
[0217] The intermediate was formed using the procedure

from US Patent Publication 2011/0021500.
[0218] A solution of 2-ethyl-1H-indole (1 g, 6.89 mmol) in
acetic acid (15 ml) at r.t. was treated portion wise with
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sodium cyanoborohydride (2.03 g, 32.37 mmol); addition
caused effervescence and a slight exotherm. The resultant
suspension was stirred at r.t. for 20 h. The reaction mixture
was concentrated in vacuo and the residue treated with 4M
aq HCI solution (30 mL) with scrubbing. The mixture was
stirred at r.t. for 1 h, then cooled to 0° C. and treated with 4M
aq NaOH solution (40 mL). Once the addition was complete
the mixture was extracted with EtOAc (x2). The extracts
were washed with brine, dried over MgSO, and concen-
trated in vacuo to afford the title compound (1.1 g, 97%) as
a pale yellow mobile oil.

[0219] Method A: LC-MS m/z=147.9 [M+H]*; RT=0.96
min.

Example 1—Synthesis of 6-methyl-2-[5-methyl-4-
(1,2,3,4-tetrahydroisoquinoline-2-carbonyl)-1H-
pyrazol-1-yl]-3,4-dihydropyrimidin-4-one

[0220]
Q-279
(€]
NH
| CH;
H;C N)\N /
3
N
N N
(EV-A07529-002)
[0221] To a stirred solution of 5-methyl-1-(4-methyl-6-

ox0-1,6-dihydropyrimidin-2-yl)-1H-pyrazole-4-carboxylic
acid (Intermediate 2, 6.60 g, 28.18 mmol) in DMF (80 mL)
was added COMU (13.28 g, 31.00 mmol), DIPEA (12.06
ml, 70.45 mmol) and 1,2,3,4-tetrahydroisoquinoline (3.93
ml, 31.00 mmol) and stirred at rt. for 1 h. The reaction
mixture was quenched by addition of saturated NaHCO,
solution (20 mL) and water (20 mL) and extracted with
DCM (4x100 mL). The combined organic extracts were
dried over sodium sulphate, concentrated in vacuo and
triturated using MeCN to afford the title compound (4.71 g,
48%) as an off white powder.

[0222] Method C: LC-MS m/z=350.1 [M+H]*; RT=2.54

min.

Examples 2-39—Synthesis of

Dihydropyrimidinones
[0223] Examples 2-39 were prepared according to the
procedure described in Example 1 by reacting Intermediate
2 (5-methyl-1-(4-methyl-6-0x0-1,6-dihydropyrimidin-2-yl)-
1H-pyrazole-4-carboxylic acid) with the appropriate amine
and the coupling agent specified in Table 1. All amines used
in Table 1 were commercially available except for example
38 which was synthesized using Intermediate 4 (2-ethyl-2,
3-dihydro-1H-indole).
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TABLE 1
Ex- LC-MS MS
ample Ref. (RT) (M + H)* Coupling
No. No. LBN Structure Method C Method C  Agent
2 Q-328 EV-AP2301-002 o] 1.54 340.1 COMU
NH
| CH;
P 0
H;C N Iil \
N
N
/Y
=N
3 Q-341 EV-AP2305-001 ¢} 227 316.2 TBTU
/f}\NH CH;
P /
Z
H;C N SN
\ N
N=
e CHs
4 Q-346 EV-AP2309-001 0 1.97 290.2 TBTU
f‘\NH CHy
| )\ /
Z
H;C N N\ A
N
N=— / /\/CHs
H;C
5 Q-347 EV-AP2310-001 ¢} 225 304.2 TBTU
ﬁNH CH;
P /
Z
H;C N S
\ TN
N= < CH;
CH;
6 Q-348 EV-AP2311-001 o] 1.94 290.2 TBTU
NH CH;
P /
Z
H;C N S
\
N=—

CH;

CH;
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TABLE 1-continued
Ex- LC-MS MS
ample Ref. (RT) (M + H)* Coupling
No. No. LBN Structure Method C Method C  Agent
7 Q-359 EV-AP2325-001 (6] 2.65 370.2 COMU
NH
| CH;
)\ O
HiC N Il\I \
N
N
F
F
8 Q-368 EV-AP2328-001 (€] 2.50 370.2 COMU
NH CHs
LA
P
me” N7 NN F
\ N
N=—
F
9 Q-329 EV-AP2300-002 (€] 2.12 314.1 COMU
NH
| CH;
Z
H;C N Il\I
N
10 Q-344 EV-AN7494-001 O 1.45 326.1 COMU
NH
| CH;
/E}\/ 0
H;C N Il\I
Nz
HN
N
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TABLE 1-continued

Ex- LC-MS MS
ample Ref. (RT) (M + H)* Coupling
No. No. LBN Structure Method C Method C  Agent
11 Q-345 EV-AN7496-002 O 1.44 340.1 COMU
NH
| CH;
)\
HiC N Ir
Nao

12 Q-327 EV-AP2502-001 0 2.34 499.2 TBTU
NH
| CH;
o)
)\
H;C N N

13 Q-350 EV-AP2503-001 O 1.70 276.2 CcoMU

NH
| CH;
P 0]
H;C N Ir
N

;C CH;
14 Q-351 EV-AP2504-001 0 2.56 318.2 COMU
NH
| CH;
)\ (0]
H;C N 1|\1
N
TN\
CH;
H;C
15 Q-352 EV-AP2508-001 0 147 304.2 coMU
NH
| CH;
)\ (0]
H;C N 1|\1
Nae
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TABLE 1-continued
Ex- LC-MS MS
ample Ref. (RT) (M + H)* Coupling
No. No. LBN Structure Method C Method C  Agent
16 Q-302 EV-AO7503-002 (€] 2.39 336.1 HATU
CH,
/f‘\NH s,
)\
H;C N N N
\ N
N=—
17  Q-303 EV-AO07504-002 (€] 2.88 350.2 HATU
CH,
/f‘\NH s,
)\
H;C N N N
\ N
N=—
HiC
18  Q-304 EV-AO7506-002 (€] 1.48 352.1 HATU
CH.
/fJ\NH | /
)\
H;C N N N
\ N
N=—
T
¢}
19  Q-305 EV-AO7508-002 (6] 3.32 368.2 HATU
CH
| NH 3 o
P
H;C N S
\ NH
N=—
20 Q-318 EV-A07513-002 (€] 2.44 338.1 COMU

¢}
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TABLE 1-continued
Ex- LC-MS MS
ample Ref. (RT) (M + H)* Coupling
No. No. LBN Structure

Method C Method C  Agent

21 Q-362 EV-AO7565-002

22 Q-363 EV-AO7566-002

23 Q-364 EV-AO7567-002

24 Q-367 EV-AO7570-002

25  Q-385 EV-A07572-002

26 Q-373 EV-AO7573-002

H;C

H;C

H;C

H;C

2.94 364.2 CcoMU
2.66 350.2 CcoMU
247 366.1 CcoMU
2.09 330.1 CcoMU
3.26 392.2 CcoMU
2.96 378.2 CcoMU
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TABLE 1-continued
Ex- LC-MS MS
ample Ref. (RT) (M + H)* Coupling
No. No. LBN Structure Method C Method C  Agent
27  Q-374 EV-A07574-002 O 2.774 364.2 COMU
CH.
/f‘\NH 3 o
)\
H;C N S
\ N
N= /
H,;C
28 Q-286 EV-ANO0091-004 O 2.34 375.1 TBTU
CH.
/f‘\NH 3 o
)\
H;C N S
\ N
N= =N
29 Q-287 EV-AN0093-003 O 1.77 358.2 TBTU
CH.
/f‘\NH | /
)\
H;C N N A
\ N
N=—
O
30 Q-300 EV-AN0094-002 O 1.36 351.1 TBTU
CH.
/f‘\NH | /
)\
H;C N IS
\ N N
N=—= / \
/
31 Q-307 EV-AN0099-002 O 2.68 380.2 COMU
CH.
/f‘\NH 3 o
)\
H;C N S CH;
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TABLE 1-continued
Ex- LC-MS MS
ample Ref. (RT) (M + H)* Coupling
No. No. LBN Structure Method C Method C  Agent
32 Q-313 EV-A08802-002 O 2.75 364.2 COMU
CH.
| NH 3 o
)\ fHs
HiC N N \
\ N
N
33 Q-322 EV-A08803-002 O 0.87 357.2 COMU
NH
| CH;
)\ 0]
HiC N Ir
Nz
N
CH
N
34  Q-317 EV-A05736-002 O 1.45 262.1 COMU
NH
| CH;
>
H;C N Il\I \
Namo
N—CH;
HsC
35 Q-316 EV-A05735-002 O 1.31 248.1 COMU
NH
| CH;
)\ O
HiC N Il\I
N
HN—CH;
36 Q-298 EV-A05715-002 O 3.03 418.2 HATU
(EtaN)
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TABLE 1-continued
Ex- LC-MS MS

ample Ref. (RT) (M + H)* Coupling

No. No. LBN Structure Method C Method C  Agent

37  Q-299 EV-A05716-002 O 1.11 380.2 HATU

(EtaN)

NH
| CH;
[0)
)\
H;C N III
N N/\
k/N N
®
/
38 Q-420 EV-ABB8097-002 (€] 3.07 364.3 COMU
CH.
| NH 3 o
)\
H;C N N N
\ N
=
H;C

39 Q-347 EV-AP2310-001

0 2.25 304.2 TBTU
CH
/f‘\ N | /
)\
H;C N N\ X

= TN
HiC

Examples 40-43—Chiral Separation

[0224] Examples 40-43 in Table 2 were prepared by chiral
separation of racemic compounds in Table 1. The stereo-
chemistry was arbitrarily assigned.

TABLE 2
LC-MS MS Column
Ex. Refl (RT) (M + H)* Retention* Separation
No. No. LBN Structure Method C  Method C (min) Method
40 Q-339 EV-AO08802-004 (¢] 2.75 364.2 3.09 H
Method I
NH CH
| i
)\ ;o
H;C N S
\ N
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TABLE 2-continued
LC-MS MS Column
Ex. Refl (RT) (M + H)* Retention* Separation
No. No. LBN Structure Method C  Method C (min) Method
41 Q-340 EV-AO08802-005 O 2.75 364.2 5.09 H
Method I
CH.
| NH 3 o
)\ $Hs
H;C N IS H
\ N
N=—
42 Q-372 EV-A07553-002 O 2.58 350.2 6.69 J
Method K
CH
| NH 3 o
)\
H;C N SN
\ N
N—
™
43 Q-361 EV-A07553-003 O 2.81 350.2 8.35 J
Method K
CH
| NH 3 o
)\
H;C N SN
\ N
N—
HsC

Example 44—Synthesis of 5-chloro-6-methyl-2-[5-
methyl-4-(1,2,3,4-tetrahydroisoquinoline-2-carbo-
nyl)-1H-pyrazol-1-yl]-3,4-dihydropyrimidin-4-one

[0225]
Q-456
(€]
Cl
NH
| CH;
H;C N)\N /
3
N
N N
(EV-A07571-002)
[0226] To a solution of 6-methyl-2-[5-methyl-4-(1,2,3,4-

tetrahydroisoquinoline-2-carbonyl)-1H-pyrazol-1-y1]-3,4-

dihydropyrimidin-4-one (Example 1, Q-279 (EV-AO7529-
002), 100 mg, 0.286 mmol) in AcOH (2 mL) was added NCS
(40 mg, 0.301 mmol) and stirred at 90° C. for 1 h. The

reaction mixture was concentrated in vacuo and triturated
using MeCN to afford the title compound (60 mg, 54%) as
a white powder.

[0227] Method C: LC-MS m/z=384.2 [M+H]"; RT=2.99
min.

Example 45—Synthesis of 5-chloro-6-methyl-2-[5-
methyl-4-(1,2,3,4-tetrahydroisoquinoline-2-carbo-
nyl)-1H-pyrazol-1-yl]-3,4-dihydropyrimidin-4-one

[0228]

Q-421

Cl

HyC

(EV-AQ0223-002)
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[0229] Chlorination of 6-methyl-2-[5-methyl-4-(1,2,3,4-
tetrahydroisoquinoline-2-carbonyl)-1H-pyrazol-1-y1]-3,4-
dihydropyrimidin-4-one (Example 7, Q-359 (EV-AP2325-
001) using the procedure described in Example 44 afforded
the title compound (54 mg, 42%) as a white powder.
[0230] Method C: LC-MS m/z=404.2 [M+H]*; RT=2.88

min.

Example 46—Synthesis of 6-methyl-2-[5-methyl-4-
(1,2,3,4-tetrahydroisoquinolin-2-ylmethyl)-1H-pyra-
zol-1-yl]-3,4-dihydropyrimidin-4-one

[0231]
Q-311
N_
(EV-A07520-002)
[0232] To a stirred solution of 6-methyl-2-[5-methyl-4-(1,

2,3 4-tetrahydroisoquinoline-2-carbonyl)-1H-pyrazol-1-yl]-

3,4-dihydropyrimidin-4-one (Example 1, Q-279 (EV-
A07529-002), 165 mg, 0.472 mmol) in THF (3 mL) at 0° C

was added LiAlH, (216 pl, 0.519 mmol) and stirred at r.t. for
1 h. The reaction mixture was quenched by the addition of
water (4 mL), NaOH (4 mL) and then further water (4 mL).
The reaction mixture was acidified to pH 5 using acetic acid
and then neutralized to pH 7 using saturated sodium bicar-
bonate solution. The reaction mixture was extracted with
DCM (3x40 mL) and the combined organic extracts dried
over Na,SO,, concentrated in vacuo and triturated using
MeCN (3 mL) to afford the title compound (57 mg, 35%) as
a white powder.

[0233] Method C: LC-MS m/z=336.1 [M+H]*; RT=1.29
min.
Preparative Example 2—Preparation of
Intermediate Thiouracils and Thio Ethers
[0234]
O
NaOH, water,
RI | NH Mel
—_—
R2 N/gs
H
O
Hydrazine hydrate,
R1 EtOH, 100° C., 1 hr
| NH _—
P> cH
R2 N S/ }
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-continued
COMe
o H;C
R1
NH NMez
| 3.5 eq AcOH, MeOH,
/ 80°C., 1 hr
R2 N N—NI,

5 eq NaOH, THF-water
t, 1 hr

X
g

Amide couphng

R2
CO,H

R1

R2 N

¢}

Intermediate 5: Preparation of 2-sulfanylidene-1H,
2H,3H,4H-pyrazolo[1,5-a][1,3,5]triazin-4-one

Step 1: Synthesis of ethyl
N-[(1H-pyrazol-5-yl)carbamothioyl]carbamate

[0235]

N
T
\N/NH

H
H\”/N\”/O\/CH3
S (@]

(EV-AQ3814-001)

[0236] To a solution of 1H-pyrazol-5-amine (3 g, 36.1
mmol) in acetone (50 ml) was added over 5 mins (slight
exotherm) ethyl N-carbothioylcarbamate (3.96 ml, 0.03
mol) and stirred at r.t. for 2 h. The yellow solution was
treated with ice cold water (50 ml) which caused a transient
precipitation. The flask was cooled in ice and a precipitate
formed. The solid was collected by filtration, washed with
water and dried under vacuum to afford the title compound
(5.0 g, 46%) as a yellow solid.

[0237] Method A: LC-MS m/z=214.90 [M+H]*; RT=0.94.
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Step 2: Synthesis of 2-sulfanylidene-1H,2H,3H,4H-
pyrazolo[1,5-a][1,3,5]triazin-4-one

[0238]

(Intermediate 5)
e}

..
L

N S
H

(EV-AQ0271-002)

[0239] To ethyl N-[(1H-pyrazol-5-yl)carbamothioyl]car-
bamate (2.5 g, 11.67 mmol) was added 2M aq NaOH
solution (23.3 ml) and stirred at r.t. for 2 h. The solution was
acidified with concentrated H,SO, and the resultant precipi-
tate filtered under vacuum to afford a pale yellow powder.
Purification by recrystallisation using water afforded the title
compound (1.54 g, 94%) as a pale yellow powder.

[0240] Method A: LC-MS m/z=168.95 [M+H]"; RT=0.19.

Intermediate 6: Preparation of 2-sulfanylidene-1,2,
3,4,5,6,7,8-octahydroquinazolin-4-one

[0241]

NH

N S.
H

(EV-AQ0232-001)

[0242] To a solution of ethyl 2-oxocyclohexane-1-car-
boxylate (9.40 ml, 58.75 mmol) in MeCN (40 ml) was added
thiourea (5.37 g, 70.5 mmol) and DBU (13.15 ml, 88.13
mmol) and stirred at 80° C. overnight.

[0243] The reaction mixture was concentrated in vacuo
and the residue redissolved in water. The reaction mixture
was acidified to pH 3/4 using 5M aq HCI solution, the
precipitate filtered, washing with H,O and Et,O, and dried
under vacuum to afford the title compound (10.70 g, 98%)
as an off white powder.

[0244] Method A: LC-MS: m/z=183.0 (M+H)"; RT=0.71.
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Intermediate 7: Synthesis of 6-methyl-4-sulfa-
nylidene-1,2,3.4-tetrahydropyrimidin-2-one

[0245]

(Intermediate 7)

HN NH

AN

H,C s

(EV-AQ0296-002)

[0246] To a solution of 6-methyl-1,2.3.4-tetrahydropy-
rimidine-2,4-dione (2.0 g, 15.86 mmol) in dioxane (30 ml)
was added 2,4-bis(4-methoxyphenyl)-1,3,2.4-dithiadiphos-
phetane 2.4-disulfide (6.41 g, 15.86 mmol) and stirred at
100° C. for 2 h. The reaction mixture was cooled to r.t. and
the white precipitate filtered under vacuum, washing with
dioxane (20 ml), to afford the title compound (1.85 g, 82%)
as an off white powder.

[0247] Method B: LC-MS: m/z=142.85 (M+H)"; RT=0.
36.

Intermediate 8: Synthesis of 3,6-dimethyl-2-(meth-
ylsulfanyl)-3,4-dihydropyrimidin-4-one

[0248]

O
ClH;
/fk i
)\ CH;
HsC N s

(EV-AO7509-001)

(Intermediate 8)

[0249] 3,6-dimethyl-2-(methylsulfanyl)-3,4-dihydropy-
rimidin-4-one was prepared from (3E)-1,1,1-trichloro-4-
methoxypent-3-en-2-one using the procedure found in:
Zanatta, Nilo; Madruga, Claudia C.; Marisco, Patricia C.;
Da Rosa, Luciana S.; Da Silva, Fabio M.; Bonacorso, Helio
G.; Martins, Marcos A. P.; Journal of Heterocyclic Chem-
istry; vol. 47; nb. 5; (2010); p. 1234-1239, affording the title
compound (4.68 g, 78%) as a brown powder.

[0250] Method A: LC-MS: m/z=170.95 (M+H)*; RT=0.97
min.

Examples 47-54

[0251] Examples 47-54 in Table 3 were prepared in an
analogous fashion to Example 1 starting with the corre-
sponding commercial thiouracil, methyl thioether or the
specified intermediate, and coupling the intermediate acid
with the appropriate amine using the specified coupling
conditions.



Apr. 6,2017

TABLE 3
LC-MS MS
Ex. Ref. (RT) (M + H)*  Coupling
No. No. LBN Structure Method C  Method C Agent Comments
47 Q-447 EV-AQ0294-002 2.53 396.2 T3P Intermediate 5
N )J\
N NH
/ CH;
= P 0]
N Il\I \
Naso N
F
48 Q-454 EV-AR5305-002 JOI\ 2.19 370.0 T3P Intermediate 7
N NH
)l\)\ -
O
H,C A lel N\
N N
49 Q-455 EV-A07537-002 (€] 2.58 364.1 COMU Intermediate 8
CHjz
| NTens
)\
H;C N N \
\ N
N=—
50 Q-427 EV-AQO0240-002 (€] 2.35 395.1 COMU
/ NH
CH;
)\ (0]

HN
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TABLE 3-continued
LC-MS MS
Ex. Refl (RT) (M + H)*  Coupling
No. No. LBN Structure Method C  Method C Agent Comments
51 Q-425 EV-AQO0230-002 (€] 3.04 410.2 COMU Intermediate 6
NH
CH;
N/ N \ 3
Nz
N
%F
F F
52 Q-404 EV-AP2566-003 O 3.10 364.3 COMU
HiC
NH
| CH;
)\ O
H;C N Il\I \
B @
N
HiC
53 Q-383 EV-AP2542-001 (€] 3.48 392.3 COMU
NH
CH,
H;C N)\N [0)
H;C | \
CH; N
N >\:
54 Q-488 EV-ARS5353-002 (€] 2.75 403.2 T3P
NH
CH;
O
l
N
N

R




US 2017/0096435 Al Apr. 6,2017

312

Examples 55-56—Chiral Separation

[0252] Examples 55-56 in Table 4 were prepared by chiral
separation of racemic compounds in Table 3. The stereo-
chemistry was arbitrarily assigned.

TABLE 4

LC-MS MS Column
(RT) (M + H)* Retention* Separation
Method C  Method C (min) Method

Ex. Refl
No. No. LBN Structure

55 Q-416 EV-AP2566-004

H;C

N

(@] 3.11 364.3 5.134 L
H;C
NH
| CH;
)\ (0]
N
|
N

H,C
56 Q-457 EV-AP2566-005 0 3.10 364.2 7.20 L
H;C
NH
| CH;
)\ O
H;C N lel
Nam
N
me™
Preparative Example 3—Formation of -continued

Intermediates from the Corresponding
Dichloropyrimidines

0
S NH
[0253] \ | )\ CI; NaOH, THF
P
N N
| CO,Me
Nam
0

5M NaOH

50°C.

S NH
.S
N N
| CO,H
Nam

(€]
Hydrazine hydrate . .
S EtOH 80° C. Intermediate 9: Preparation of
| NH > 2-chloro-3H,4H-thieno[3,2-d]pyrimidin-4-one
\ )\ [0254]
N Cl
(Intermediate 9)
(6]
(€]
S
S NH enamine, AcOH, EtOH | NH
\ | 80° C. \ )\
= N Cl
N N—NB,

(EV-AP2383-001)
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[0255] To a stirred solution of 2,4-dichlorothieno[3,2-d]
pyrimidine (20 g, 97.5 mmol) in THF (80 mL) was added
5M aq NaOH solution (98 mL., 488 mmol) and stirred at 50°
C. for 6 h. The reaction mixture was acidified to pH 5 using
acetic acid. The solution was then extracted with EtOAc
(2x50 mL) and the combined organics were dried over
Na,SO,, filtered and concentrated in vacuo to yield the title
compound (11.3 g, 60.5 mmol, 62%) as a yellow powder.
[0256] Method A: LC-MS m/z=186.9 [M+H]*; RT=0.77
min.

Intermediate 10: Preparation of
2-hydrazinyl-3H,4H-thieno[3,2-d|pyrimidin-4-one

[0257)]

(Intermediate 10)
e}

S
| NH
\ )\ NH,
N N~
H
(EV-AP2384-001)

[0258] To a stirred solution of 2-chloro-3H,4H-thieno[3,
2-d|pyrimidin-4-one (11.34 g, 60.8 mmol) in EtOH (90 mL)
was added hydrazine hydrate (5.91 mlL, 121.5 mmol) and
stirred at 80° C. overnight. The reaction mixture was cooled
to rt. and the resultant precipitate was collected via filtra-
tion, and washed with water (15 mL) to yield the title
compound (7.4 g, 40.6 mmol, 67%) as a pale yellow powder.
[0259] Method A: LC-MS m/z=182.9 [M+H]*; RT=0.18
min.

Intermediate 11: 5-methyl-1-{4-0x0-3H,4H-thieno
[3,2-d]pyrimidin-2-y1}-1H-pyrazole-4-carboxylic
acid

Step 1: Synthesis of methyl-5-methyl-1-{4-ox0-3H,
4H-thieno[3,2-d]pyrimidin-2-y1}-1H-pyrazole-4-

carboxylate
[0260]
(€]
S
| NH ot
\ ~ 0
S
Ny
O—CH;.
(EV-AP2385-001)
[0261] To a stirred solution of 2-hydrazinyl-3H,4H-thieno

[3,2-d]pyrimidin-4-one (7 g, 38.4 mmol) in EtOH (75 mL)
and AcOH (7.70 mL, 134.5 mmol) was added (27)-2-
[(dimethylamino)methylidene]-3-oxobutanoate (7.89 g,
46.1 mmol) and stirred at 50° C. for 3 h. The reaction
mixture was cooled to r.t. and the resulting precipitate was
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isolated via filtration to yield the title compound (11.2 g,
22.5 mmol, 59%) as a pale yellow powder.

[0262] Method A: LC-MS m/z=291.0 [M+H]*; RT=1.15
min.

Step 2: Synthesis of 5-Methyl-1-{4-ox0-3H,4H-
thieno[3,2-d]pyrimidin-2-y1}-1H-pyrazole-4-carbox-

ylic acid
[0263]
(Intermediate 11)
(6]
S
| NH CH
A o
o
Nam
OH.
(EV-AP2386-001)
[0264] To a solution of methyl-5-methyl-1-{4-0x0-3H,

4H-thieno[3,2-d]pyrimidin-2-yl1}-1H-pyrazole-4-carboxy-
late (6.53 g, 22.5 mmol) in 2:1 THF/methanol (37 mL) was
added 2.5M aq NaOH solution (54 mL, 135 mmol) and
stirred at r.t. for 2 h. The organics were removed in vacuo,
the residue acidified to pH 5 with 2M aq HCI solution and
the resulting precipitate was collected via filtration to yield
the title compound (6.22 g, 19.9 mmol, 89%) as a beige
powder.

[0265] Method A: LC-MS m/z=277.0 [M+H]*; RT=0.97
min.

Intermediate 12: Preparation of
2-methyl-4-(trifluoromethyl)piperidine (4:1 Mixture
of Diastereoisomers)

[0266]
(Intermediate 12)
F
F F
g CHj;.

(EV-AB8098-002)

[0267] A solution of 2-methyl-4-(trifluoromethyl)pyridine
(800 mg, 4.97 mmol) in 25% acetic acid in MeOH (100 ml)
[0.05M] was reacted on the H-Cube [10% Pt on C cartridge,
90 bar and 80° C., 1 ml/min. Upon completion, the reaction
mixture was treated with a solution of 4M HCl in dioxane (2
ml, 8 mmol) and then concentrated in vacuo to yield a white
solid. The solid was dissolved in MeOH, treated with
ammonia (7M in MeOH) and concentrated in vacuo to afford
the title compound (270 mg, 32%) as a white solid.
[0268] Method A: LC-MS m/z=168.00 [M+H]*; RT=0.17
min.
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Intermediate 13: Preparation of
4-(1-cyano-1-methylethyl)piperidin-1-ium chloride

Step 1: Synthesis of tert-butyl
4-(1-cyano-1-methylethyl)piperidine-1-carboxylate

[0269]

HC  CH;

CH;
HiC \
\ N

(EV-AQ8828-001)

[0270] To a stirred solution of tert-butyl 4-(cyanomethyl)
piperidine-1-carboxylate (0.2 g, 8.13 mmol) in dry THF (2
mL) at 0° C. was added slowly KHMDS (1 M in toluene,
2.68 mL, 2.68 mmol). The reaction mixture was allowed to
stir for 10 minutes, after which a solution of iodomethane
(0.11 mL, 1.78 mmol) in dry THF (2 mL.) was added slowly.
The reaction was warmed to room temperature and stirred
overnight. The reaction mixture was quenched with aqueous
ammonium chloride and extracted with ethyl acetate. The
extracts were dried (Na,SO,) and concentrated in vacuo to
afford the title compound (246 mg, 98%) as a yellow
powder: "H NMR (250 MHz, Chloroform-d) § 4.20 (s, 2H),
2.63 (m, 2H), 1.80 (m, 2H), 1.47 (s, 3H), 1.46 (s, 9H), 1.33
(s, 6H).
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Step 2: Synthesis of
4-(1-cyano-1-methylethyl)piperidin-1-ium chloride
[0271]
(Intermediate 13)
HCl
HN
CH;.
H;C \
\ N
(EV-AQ8830-001)
[0272] Tert-butyl 4-(1-cyano-1-methylethyl)piperidine-1-

carboxylate (EV-AQ8828-001, 243 mg, 0.963 mmol) was
suspended in HCI (4 M in dioxane, 7 mL) and the reaction
was stirred at room temperature for 3 hours. The resultant
precipitate was filtered and washed with ether to afford the
title compound (95 mg, 51%) as a yellow powder: "H NMR
(500 MHz, DMSO-d6) d 8.96 (s, 1H), 8.51 (s, 1H), 2.87-
2.78 (m, 2H), 1.95-1.87 (m, 2H), 1.72-1.63 (m, 1H), 1.54-
1.45 (m, 2H), 1.29 (s, 6H).

Examples 57-74—Synthesis of Thienopyrimidines

[0273] Examples 57-74 in Table 5 were prepared using the
method described in Example 1 reacting intermediate 11
(5-methyl-1-{4-ox0-3H,4H-thieno|3,2-d]pyrimidin-2-y1}-
1H-pyrazole-4-carboxylic acid) with the appropriate amine
using the specified coupling reagent.

TABLE 5
LC-MS MS
Example Ref. (RT) M + H)* Coupling
No No. LBN Structure Method C Method C Agent
57 Q-403  EV-AP2371-001 e} 2.68 398.2 COMU
S
NH
| CH;
\ N )\ N \ [0)
N
N
F F
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TABLE 5-continued

LC-MS MS
Example Ref. (RT) M+ H)* Coupling
No No. LBN Structure Method C Method C Agent
58 Q-402  EV-AP2366-001 O 3.43 398.3 T3P
S
NH
| CH;
\ N)\ N \ O
Nam
N; H
H
59 Q-495 EV-AQ8852-001 O 3.31 420.1 T3P
S
NH
| CH;
\ N/ N \ 2
Nam
%
60 Q-395 EV-AP2364-001 O 3.16 392.2 T3P
S
NH
| CH;
\ )\ 0
N Ir \
Nz
N
61 Q-380 EV-AP2536-001 O 2.79 358.2 COMU
S
NH
| CH;
\ )\ O
o
N

H;C  CHs
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TABLE 5-continued

LC-MS MS
Example Ref. (RT) M+ H)* Coupling
No No. LBN Structure Method C Method C Agent
62 Q-397 EV-AP2562-001 O 2.85 358.2 COMU
S
NH
| CH;
\ N )\ N O
| \ CH;3
N CH;
N
63 Q-405  EV-AP2570-001 O 2.74 402.3 COMU
S
NH
| CH;
\ /I\ 0
N N
| CH;
N CHs
N
¢}
H;C CHj
64 Q-398  EV-AP2563-001 O 3.51 398.2 COMU
S
NH
| CH;
\ = o]
o
N
N ?_/
65 Q-354 EV-AP2517-001 O 3.00 392.2 COMU

I
Na

O
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TABLE 5-continued

LC-MS MS
Example Ref. (RT) M+ H)* Coupling
No No. LBN Structure Method C Method C Agent
66 Q-399  EV-AQ0205-002 O 3.64 400.2 T3P
S
NH
| CH;
\ )\ [¢]
N T \
N
N
CH;
H;C CH;
67 Q-400 EV-AQ0207-002 O 3.08 372.2 COMU
S
NH
| CH;
\ )\ 6]
N Il\I \
Nz
N
H3CQ
CH;3
68 Q-406  EV-AQ0208-002 O 3.21 480.2 T3P
S
NH
| CH;
\ N )\N \ [0)
Nam

60 Q-408 EV-AQO0210-002 O 3.54 398.3 COMU
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TABLE 5-continued
LC-MS MS
Example Ref. (RT) M + H)* Coupling
No No. LBN Structure Method C Method C Agent
70 Q-412  EV-AQ0216-002 O 3.28 372.2 COMU
NH
| CH;
)\ 0
A
N
N
HiC
H;C
71 Q-401 EV-AB8083-002 O 3.28 392.2 T3P
NH
CHj3
\ )\ O
N Iil \
Nz
ol
HiC
72 Q-422  EV-AQ3802-003 O 3.10, 28% 425.0 COMU
3.14 63% Intermediate 12
S
CH
\ NH 3 o
)\
N NN
\ N
N=—
H;C
<
F F
73 Q-379  EV-AP2394-001 O 2.90 412.1 T3P
S
CH
\ NH 3 o
)\
N NN
\ N
N—

i
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TABLE 5-continued
LC-MS MS
Example Ref. (RT) M + H)* Coupling
No No. LBN Structure Method C Method C Agent
74 Q-531 EV-AS3708-002 O 2.58 411.1 T3P
Intermediate 13
S
NH
CH;

(0]
N
CH;
HiC \\
N

Example 75—Preparation of 2-{4-[(2R,6S)-2,6-
dimethylpiperidine-1-carbonyl]-5-methyl-1H-pyra-
z0l-1-y1}-3H,4H-thieno[3,2-d]pyrimidin-4-one

[0274]

Q-417
0
S
NH
| CH;
\ N)\N O
| \ CH;
N N
©)
H;Cmee{(®)

(EV-AP2568-002)

[0275] To a solution of 5-methyl-1-{4-ox0-3H,4H-thieno
[3,2-d]pyrimidin-2-y1}-1H-pyrazole-4-carboxylic acid (In-
termediate 11, (EV-AP2386-001), 75 mg, 0.27 mmol) in
DCM (5 ml) was added thionyl chloride (0.2 ml, 2.71 mmol)
followed by DMF (cat, 1 drop) and stirred at 50° C. for 2 h.

The reaction mixture was concentrated in vacuo and DCM
added and the concentration repeated (x2). The crude acid
chloride (assume 0.271 mmol) was suspended in more DCM
(5 ml) at 0° C. and (cis)-2,6-dimethylpiperidine (0.04 ml,
0.41 mmol) and triethylamine (0.09 ml, 0.68 mmol) were
added dropwise. The reaction mixture was stirred at r.t. for
2 h. The reaction mixture was washed with water (5 mL.) and
brine solution (5 mL) and the organic fraction was concen-
trated in vacuo. The crude residue was dissolved in THF: 1M
NaOH (1:1, 2 mL) and stirred at r.t. Methanol (0.5 ml) was
added. The organics from the reaction mixture were
removed in vacuo and the reaction mixture acidified to pH
5 using 1M aq HCI solution. The aqueous was extracted
using DCM (2x5 mL) and the combined organic extracts
were dried over Na,SO,, filtered and concentrated in vacuo.
The crude residue was purified by prep HPLC (Method G)
to afford the title compound (14.2 mg, 14%) as an off-white
powder.

[0276] Method A: LC-MS m/z=372.2 [M+H]*; RT=3.05
min.

Examples 76-77

[0277] Examples in Table 6 were prepared by chiral sepa-
ration of racemic compounds in Table 5. The stereochem-
istry was arbitrarily assigned.

TABLE 6
LC-MS MS Column
Example Ref. (RT) (M + H)* Retention* Separation
No No. LBN Structure Method C  Method C (min) Method
76 Q-414  EV-AQ0229-001 [0} 3.29 392.2 6.43 L

H;C

Method M
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TABLE 6-continued
LC-MS MS Column
Example Ref. (RT) (M + H)* Retention* Separation
No No. LBN Structure Method C  Method C (min) Method
77 Q415  EV-AQ0229-002 0 3.29 392.2 8.41 L
Method M
S
NH
| CH;
SN .
N\
IES
N
H3C\\‘\.,
Preparative Example 4—Formation of -continued
Intermediates from the Corresponding
Dichloropyrimidines
(€]
Intermediate 14: Preparation of
2-chloro-4-methoxy-6-methylpyrimidine I NH
R.....I... )\ CH;
[0278] \N/ N
| \ COH
Nax,
Cl
5SM NaOH
x THF
' N 50°C
Rl|||||||| )\ .
=
I\N a )Cl\
S
0 I‘i N
Hydrazine hydrate )\)\ CH
E{OH 80° C. e
| NH H,C 0
Rt (EV-AL6985-002)
L~
N Cl
(€]
NH enamine, AcOH, EtOH ) ) o
R,,,,,',,, 0° C. [0279] To a solution of 2,4-dichloro-6-methylpyrimidine
KN)\N NI (1 g, 6.14 mmol) in THF (10 ml) was added 0.5M NaOMe
H z in MeOH (18.4 ml, 9.20 mmol) at 0° C. and stirred at r.t.
overnight. A further 0.5 equivalents of 0.5 M NaOMe in
0 MeOH (6.14 ml, 3.07 mmol) were added at 0° C. and the
reaction stirred at r.t. for 1 h. The reaction mixture was
- NH CH; NaOH, THF diluted with water (30 ml) and extracted with EtOAc (2x50
K )\ > ml). The combined organic extracts were washed with brine
N N \ (20 ml), dried and concentrated in vacuo and the residue
Il\I\ COMe purified via column chromatography (100:0-75:25 Heptane-

EtOAc) to afford the title compound (275 mg, 28%) as a
colourless crystalline solid.

[0280] Method A: LC-MS m/z=158.9 [M+H]*; RT=1.05
min.
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Intermediate 15: Preparation of
5-chloro-6H,7H-[1,3 thiazolo[5,4-d]pyrimidin-7-one
(EV-AQ0263-001)
[0281]

(T

5 N cl

Step 1: Synthesis of 7-(benzyloxy)-5-chloro-[1,3]
thiazolo[5,4-d]pyrimidine
[0282]

oG

(EV-AQ0259-002)

[0283] To a solution of 5,7-dichloro-[1,3]thiazolo[5,4-d]
pyrimidine (980 mg, 4.76 mmol) in THF (20 mL) at 0° C.
was added benzyl alcohol (495 ul, 4.76 mmol) and sodium
hydride (114 mg, 4.76 mmol, 60% in mineral oil) and stirred
at r.t. for 22 h. To the reaction mixture was added water (20
ml) and extracted with EtOAc (2x50 ml). The combined
organic extracts were washed with brine, dried over sodium
sulfate and concentrated in vacuo. Purification by chroma-
tography on SiO, (gradient 100:0-90:10, Heptane-EtOAc)
afforded the title compound (708 mg, 47%) as a white
powder.

[0284] Method A: LC-MS m/z=277.85 [M+H]*; RT=1.39
min.

Step 2: Synthesis of
5-chloro-6H,7H-[1,3 thiazolo[5,4-d]pyrimidin-7-one

[0285]

e}

/N NH
L

(EV-AQ0263-001)

Cl
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[0286] 7-(benzyloxy)-5-chloro-[1,3]thiazolo[5,4-d]py-
rimidine (EV-AQ0259-002, 708 mg, 2.24 mmol) was dis-
solved in a 1:1 mixture of 37% aq HCI-THF (10 mL) and
stirred at room temperature for 18 h. The reaction mixture
was filtered under vacuum, washing with THF and Et,O, to
afford 5-chloro-6H,7H-[1,3]thiazolo[5,4-d]pyrimidin-7-one
(246 mg, 58%) as a pale yellow powder.

[0287] Method A: LC-MS m/z=187.80 [M+H]"; RT=0.49
min.

Intermediate 16: Synthesis of
2,4-dichloro-7-methyl-7H-pyrrolo[2,3-d|pyrimidine

[0288]

(EV-AP2589-001)

[0289] To a solution of 2,4-dichloro-7H-pyrrolo[2,3-d]
pyrimidine (1.5 g, 7.98 mmol) in THF (30 ml) at 0° C. was
added sodium hydride (60% oil suspension, 383 mg, 9.57
mmol) and stirred at 0° C. to r.t. for 20 mins. lodomethane
(0.6 ml, 9.57 mmol) was added and stirred at r.t. for 3 h.

[0290]

ammonium chloride solution (20 mlL). EtOAc was then

The mixture was quenched by addition of saturated

added resulting in formation of a precipitate. The precipitate
was filtered and the filtrate extracted with EtOAc (x2). The
combined organic fractions were washed with water, dried
over Na,SO,, filtered and concentrated in vacuo to afford the

title compound (1.65 g, 97.2%) as a yellow powder.

[0291] Method A: LC-MS m/z=201.90, 203.90 [M+H]+;
RT=1.21 min.

Examples 78-88

[0292]
lowing the procedure described for Example 57 starting

Examples 78-88 in Table 7 were synthesized fol-

from the corresponding dichloropyrimidine or specified
intermediate and coupling the intermediate acid with the

appropriate amine using the specified coupling conditions.
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TABLE 7
Ex- LC-MS MS
ample Ref. (RT) (M + H)* Coupling
No  No. LBN Structure Method C Method C ~ Agent Comments
78 Q-410 EV-AP2378-001 3.02 412.2 COMU
NH
CH;
N)\N \ O
Nam
N
79  Q-426 EV-AP2597-002 O 2.72 409.2 T3P
NH
CH;
N)\N O
A
N
N
80 Q-323 EV-AN7481-001 (6] 3.26 386.2 COMU
NH
CH;
@\ O
o
Nz N
81 Q-320 EV-AOB8806-002 340.1 2.17 COMU

O
NH
CH;
T
Nax
Q
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TABLE 7-continued

Ex- LC-MS MS
ample Ref. (RT) (M + H)* Coupling
No  No. LBN Structure Method C Method C ~ Agent Comments
82 Q-321 EV-AO8807-002 (€] 338.2 2.96 COMU
NH

83 Q-429 EV-AQO0246-002 (€] 406.2 3.16 T3P
NH
CHj;
)\ (0]
o
Nz
N
F
F F
84 Q-378 EV-AP2343-001 (€] 375.2 2.62 TBTU
85 Q-436 EV-AQ7107-002 (€] 2.23 370.2 T3P Commerical
chloro-
pyrimidone
HN
| CH;
)\ (0]
H;C N Il\I
N
N
F
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TABLE 7-continued
Ex- LC-MS MS
ample Ref. (RT) (M + H)* Coupling
No  No. LBN Structure Method C Method C ~ Agent Comments
86 Q-413 EV-AQO0227-002 (€] 426.2 3.29 COMU
NH
HiC / | CH;
S P O
N
Nam
N
F
F F
87 Q-441 EV-AQO0268-002 (6] 2.53 413.2 T3P Intermediate 15
N
NH
</ | CH;
S P 0]
T
Naw
N
F
F F
Preparative Example 5 -continued
O
[0293]
CO>Me
O
thiourea, DBU
COMe o oNgoeC., NH NMe,
_—m
24 hours 3.5 eq AcOH, MeOH,
_ 80°C., 1 hr
N N—NH, Route X
O H
Intermediate 6
O
o] 5 eq NaOH,
NH THF-wat
NaOH, water, water
NI Mel )\ RT, 1 hr
N N
| CO>Me
N 8 New.
H
O
Amide
NH coupling
O —_—
Hydrazine, )\
EtOH, 100° C., 1 hr N N
NH _— | CO,H
N

A

Intermediate 7
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-continued
O

Intermediate 17: Preparation of 2-hydrazinyl-3H,
4H,5H,6H,7H-cyclopenta[d]pyrimidin-4-one (EV-
AQ7134-001)

[0294]

NH

P - NH,

Tz

Step 1: Synthesis of 2-sulfanylidene-1H,2H,3H.4H,
SH,6H,7H-cyclopenta[d]pyrimidin-4-one
[0295]

(EV-AQ7131-001)

[0296] To a solution of methyl 2-oxocyclopentanecar-
boxylate (17.83 mL, 143.65 mmol) in acetonitrile (150 mL)
was added thiourea (16.4 g, 215.47 mmol) followed by DBU
(25.73 mL, 172.38 mmol) and stirred at 80° C. for 24 h. The
reaction mixture was concentrated in vacuo and dissolved in
water. The solution was acidified to pH3/4 using SM aq HCl
solution and the resulting precipitate was collected and dried
under vacuum after washing with water and diethyl ether.
The solid was dried further at 40° C. under vacuum over-
night to afford the title compound (17.81 g, 73.7%) as a
beige powder.

[0297] Method A: LC-MS: m/z=168.9 (M+H)+, RT=0.2-
0.45 min.

Step 2: Synthesis of 2-(methylsulfanyl)-3H,4H,5H,
6H,7H-cyclopenta[d]pyrimidin-4-one
[0298]

NH

(EV-AQ7133-001)

P CH;
N S -

Apr. 6,2017

[0299] To a suspension of 2-sulfanylidene-1H,2H,3H,4H,
S5H,6H,7H-cyclopenta|d]pyrimidin-4-one (EV-AS7131-
001, 17.81 g, 105.88 mmol) in water (100 mL) was added
NaOH (4.66 g, 116.46 mmol) followed by the drop wise
addition of iodomethane (7.25 ml, 116.46 mmol). The
reaction mixture was stirred at room temperature for 1.5 h,
then cooled to 5° C. and the resultant precipitate was
collected by vacuum filtration. The solid was washed with
ice cold water (50 mL) water and diethyl ether (50 mL) and
dried further under vacuum at 40° C. to afford the title
compound (17.78 g, 89.4%) as an off white powder.

[0300] Method A: LC-MS: m/z=182.9 (M+H)+; RT=0.89
min.

Step 3: Synthesis of 2-hydrazinyl-3H,4H,5H,6H,
7H-cyclopenta[d]pyrimidin-4-one

[0301]
(6]
| NH
)\ NH;
N N
H
(EV-AQ7134-001)
[0302] To a solution of 2-(methylsulfanyl)-3H,4H,5H,6H,

7H-cyclopenta[d]pyrimidin-4-one (EV-AQ7133-001, 17.78
g, 97.56 mmol) in EtOH (30 mL) was added hydrazine
hydrate (23.73 mL, 487.81 mmol). The reaction mixture was
stirred at 90° C. for 24 h and then at 85° C. for a further 7
h. The cooled reaction mixture was filtered and washed with
EtOH (15 mlL) and water (10 mL) to afford the title
compound (13.1 g, 80.8%) as a white powder.

[0303] Method B: LC-MS: m/z=166.9 (M+H)+, RT=0.19
min.

Intermediate 18: Preparation of 5-methyl-1-{4-oxo-
3H,4H,5H,6H, 7H-cyclopenta[d]pyrimidin-2-y1}-1H-
pyrazole-4-carboxylic acid (Q-481, EV-AQ7139-
001)

[0304]

OH
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Step 1: Synthesis of 2-{5-methyl-4-[4-(trifluorom-
ethyl)piperidine-1-carbonyl]-1H-pyrazol-1-y1}-3H,
4H,5H,6H,7H-cyclopenta|d|pyrimidin-4-one
[0305]
(€]
| NH o
)\ O
S
Naxy
0—CH;
(EV-AQ7137-001)
[0306] To a solution of 2-hydrazinyl-3H,4H,5H,6H,7H-

cyclopenta[d]pyrimidin-4-one (EV-AQ7134-001, 19 g, 114.
33 mmol) in ethanol (120 ml) was added methyl 2-[(dim-
ethylamino)methylidene]-3-oxobutanoate (EV-AL6988-
001, 21.53 g, 125.77 mmol) followed by acetic acid (22.91
ml, 400.17 mmol). The reaction mixture was stirred at 50°
C. for 3.5 h. After 15 mins additional ethanol (170 mL) was
added to maintain stirring. The reaction mixture was cooled
and the solvent volume reduced to approximately half. The
resultant precipitate was collected and dried by vacuum
filtration to afford the title compound (21.84 g, 69.6%) as a
beige powder.

[0307] Method B: LC-MS: m/z=275.0 (M+H)+, RT=0.98
min.

Step 2: Synthesis of 5-methyl-1-{4-ox0-3H,4H,5H,
6H,7H-cyclopenta[d]pyrimidin-2-y1}-1H-pyrazole-
4-carboxylic acid (Q-481, EV-AQ7139-001)

[0308]
O
| NH CH
F 0
A
N
OH
(EV-AQ7139-001)
[0309] Methyl 5-methyl-1-{4-0x0-3H,4H,5H,6H,7H-cy-

clopenta[d]pyrimidin-2-yl}-1H-pyrazole-4-carboxylate

(EV-AQ7137-001, 21.84 g, 79.63 mmol) was suspended in
3:2:1 water/THF/methanol (300 mL) and 2.5M aq NaOH
solution (191 ml.) was added. The reaction mixture was
stirred at r.t. for 3 h. The organics from the reaction mixture
were removed in vacuo. The residue was acidified with SM
aq HCI solution and the resulting precipitate was collected
and dried under vacuum filtration at 45° C. for 5 days to
afford the title compound (21.6 g, 100%) as a beige powder.

[0310] Method C: LC-MS: m/z=261.1 (M+H)+, RT=1.81
min.
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Intermediate 19: Preparation of
+(syn)-2-methyl-4-(triftuoromethyl)piperidine
hydrochloride

[0311]

()

e

N7 vem,
H

(EV-AQ3807-001)

[0312] A solution of 2-methyl-4-(trifluoromethyl)pyridine
(3 g, 18.62 mmol) in MeOH (100 ml) was treated with a
solution of 4M HCl in dioxane (5.6 ml, 22.3 mmol) followed
by platinum (iv) oxide (253 mg, 1.12 mmol) and the
resultant suspension was hydrogenated in a pressure vessel
at 50 psi and r.t. for 4 h. The catalyst was cautiously removed
by filtration over Celite and the filtrate concentrated in vacuo
to afford the title compound (3.7 g, 99%) as a white solid.
[0313] Method A: LC-MS m/z=168.0 [M+H]*; RT=0.21
min.

Intermediate 20: Synthesis of 2-methyl-4-phenylpi-
peridin-4-ol hydrochloride EV-AQ7159-002 used in
(EV-AQ7163-003)

Step 1: Synthesis of tert-butyl 4-hydroxy-2-methyl-
4-phenylpiperidine-1-carboxylate formation using

phenyllithium
[0314]
(EV-AQ7159-002)
H,C CH;,
H;C 0
04( CH;
N
HO
[0315] To a solution of phenyllithium (1.8M in Bu2O,

7.16 ml, 12.89 mmol) in THF (15 mL) at -78° C. was added
dropwise 1-boc-2-methyl-4-piperidinone (2.5 g, 11.72
mmol) in more THF (5 mlL). The reaction mixture was
warmed to room temperature and stirred for 3 hours. The
reaction was quenched by pouring onto ice water. EtOAc
(2x25 ml) was added and the product extracted. The
combined organics were dried (Na,SO,), filtered and con-
centrated in vacuo. The crude residue was purified by
chromatography on SiO, Eluting with 0-100% EtOAc in
heptane to afford the title compound (2.97 g, 73.9%) as a
yellow oil

[0316] Method B: LC-MS: m/z=192.0 (M-Boc)+, RT=1.
19 min.



US 2017/0096435 Al

327

Step 2: Synthesis of
2-methyl-4-phenylpiperidin-4-ol hydrochloride

[0317]

(EV-AQ7161-001)
Hel CH;

HO

[0318] To a solution of tert-butyl 4-hydroxy-2-methyl-4-
phenylpiperidine-1-carboxylate (EV-AQ7159-002, 1.5 g,
5.15 mmol) in dioxane (3 mL) was added HCl in dioxane
(4M, 6.43 ml, 25.74) and the reaction mixture stirred at
room temperature for 1 hour. The reaction mixture was
concentrated in vacuo re-dissolved in DCM and concen-
trated again to afford 1.22 g (83.3%) of the title compound
as an orange gum.
[0319] Method B: LC-MS: m/z=192.0 (M+H)+, RT=0.21
min.
Intermediate 21: Synthesis of 2-(4-{3-hydroxy-3-
phenyl-8-azabicyclo[3.2.1]octane-8-carbonyl}-5-
methyl-1H-pyrazol-1-y1)-3H,4H,5H,6H,7H-cyclo-
pentald]pyrimidin-4-one

[0320]
(EV-AQ7182-001)
HN
HO
[0321] 2-(4-{3-hydroxy-3-phenyl-8-azabicyclo[3.2.1]oc-

tane-8-carbonyl}-5-methyl-1H-pyrazol-1-yl)-3H,4H,5H,

6H,7H-cyclopenta[d|pyrimidin-4-one was prepared by the
procedure described for Intermediate 21 (EV-AQ7161-001)
substituting 1-boc-2-methyl-4-piperidinone with tert-butyl
3-0x0-8-azabicyclo[3.2.1]octane-8-carboxylate, affording
the title compound (505 mg, 35%) as a an off white powder.
[0322] Method B: LC-MS: m/z=203.9 (M+H)+, RT=0.27

mins.

Intermediate 22: Synthesis of
3-phenyl-8-azabicyclo[3.2.1]octane hydrochloride
EV-AQ7185-002

Step 1: Synthesis of tert-butyl 3-phenyl-8-azabicy-
clo[3.2.1]oct-2-ene-8-carboxylate

[0323]
(EV-AQ7180-002)
H:C CH;
HiC 0
—
N

Apr. 6,2017

[0324] To a solution of phenyllithium (2.0M in Bu20O,
3.66 ml, 7.32 mmol) in THF (15 mL) at -78° C. was added
dropwise tert-butyl 3-oxo-8-azabicyclo[3.2.1]octane-8-car-
boxylate (1.5 g, 6.66 mmol) in THF (5 mL). The reaction
was warmed to r.t. over 1 h and stirred for another 1 h. 1/3
of the reaction mixture was removed for an analogous
chemistry and the remaining 2/3 of the reaction mixture was
cooled to —=78° C. and treated with methanesulfonyl chloride
(1.03 mL, 13.32 mmol) followed by triethylamine (3.06 mL,
21.97 mmol). The reaction mixture was then warmed to r.t.
and stirred overnight. The reaction mixture was cooled to
-78° C. again and more methanesulfonyl chloride (2.06 mL,
26.64 mmol) and triethylamine (6.12 mL, 43.94 mmol) were
added. The reaction mixture was then warmed to r.t. and
stirred for 3.5 h. The reaction was diluted with water and
extracted with EtOAc (3x20 mL). The combined organics
were washed with water (10 mL) and brine (10 mL), dried
over Na,SO, and concentrated in vacuo. The crude residue
was purified by chromatography on SiO, eluenting with
Heptane/EtOAc (0-100%) to afford the title compound (480
mg, 36.8%) as an off-white solid.

[0325] Method B: LC-MS: m/z=229.95 (M-"Bu)+, RT=1.
37 min.

Step 2: Synthesis of
3-phenyl-8-azabicyclo[3.2.1]oct-2-ene
hydrochloride
[0326]

(EV-AQ7183-001)
Hel

[0327] To a solution of tert-butyl 3-phenyl-8-azabicyclo
[3.2.1]oct-2-ene-8-carboxylate (EV-AQ7180-002, 97%, 480
mg, 1.63 mmol) in dioxane (3 ml) was added HCI in
dioxane (4M, 2.04 mL, 8.16 mmol) and the mixture was
stirred at r.t. for 4 h. The reaction mixture was concentrated
in vacuo re-dissolved in DCM and concentrated again to
afford the title compound (355 mg, 93.2%) as an off white
powder.

[0328] Method B: LC-MS: m/z=186.0 (M+H)+, RT=0.79
min.

Step 3: Synthesis of
3-phenyl-8-azabicyclo|[3.2.1]octane hydrochloride

[0329]

(EV-AQ7185-002)
Hel
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[0330] 3-phenyl-8-azabicyclo[3.2.1]oct-2-ene hydrochlo-
ride (EV-AQ7183-001, 355 mg, 1.92 mmol) was dissolved
in MeOH: EtOAc (1:1, 45 mL) and subjected to H-cube
hydrogenation (1 mL/min, 20 bar, 60° C., controlled H,
mode) over an Pd/C (10%) cat cart. The procedure was
repeated at 40 bar, 60° C. and again at 60 bar, 60° C. The
reaction mixture was concentrated in vacuo to afford the title
compound (305 mg, 76%) as an off white powder.

[0331] Method B: LC-MS: m/z=188.0 (M+H)+, RT=0.74

mins.

Intermediate 23: Synthesis of
4-methoxy-4-phenylpiperidin-1-ium chloride
EV-AQ8865-001

Step 1: Synthesis of tert-butyl-4-hydroxy-4-phe-
nylpiperidine-1-carboxylate

[0332]

CH;
H,C

0
H;C )\
9) N
oH

[0333] A solution 1-Boc-4-piperidinone (1 g, 5.02 mmol)
in THF (5 mL) was added dropwise to a solution of
phenyllithium (1.8M in Bu,0, 3.07 mL, 5.52 mmol) in THF
(5mL) at -78° C. The reaction was warmed to r.t. and stirred
for 4 h. The reaction was quenched by pouring onto ice
water and extracted with EtOAc (2x25 mL). The combined
organic extracts were dried over MgSO, and concentrated in
vacuo. The crude residue was purified by chromatography
on Si0,, eluenting with Heptane/EtOAc (gradient 100:0-20:
80) to afford the title compound (1.095 g, 79%) as a yellow
powder.

[0334]
15 min.

Method B: LC-MS: m/z=177.9 (M-Boc)+, RT=1.
Step 2: Synthesis of tert-butyl

4-methoxy-4-phenylpiperidine-1-carboxylate

[0335]

(EV-AQ8859-001)
CH;

H;C o
H3C><
O

N

0
H;C
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[0336] To a stirred solution of 4-hydroxy-4-phenyl-piperi-
dine-1-carboxylic acid tert-butyl ester (1.08 g, 3.91 mmol)
in dry THF (25 mL) was added NaH (60% in 0il, 0.17 g, 4.30
mmol) and stirred for 1 h before methyl iodide (0.37 mlL,
5.86 mmol) was added and stirred overnight. The mixture
was retreated with NaH (60%, 0.17 g, 4.30 mmol), followed
by methyl iodide (0.37 mL, 5.86 mmol) and stirred over-
night. The mixture was retreated for a third time with NaH
(60%, 0.17 g, 4.30 mmol), followed by methyl iodide (0.37
ml, 5.86 mmol) and stirred for 4 h. Brine (40 mL) was
added and the product extracted with EtOAc (2x50 mL).
The combined organic extracts were dried over MgSO,,
concentrated in vacuo and purified by chromatography,
eluting with Heptane/EtOAc (gradient 100:0-85:15) to
afford the title compound (610 mg, 54%) as an off-white
powder.

[0337]
30 mins.

Method B: LC-MS: m/z=192.02 (M-Boc)+, RT=1.

Step 3: Synthesis of
4-methoxy-4-phenylpiperidin-1-ium chloride

[0338]

(EV-AQ8862-001)
HCl 1y

0
H;C

[0339] 4-methoxy-4-phenylpiperidine-1-carboxylate (603
mg, 2.07 mmol) was dissolved in HCI in dioxane (4M, 6 mL,,
24.0 mmol) and stirred at r.t. overnight. The reaction mixture
was concentrated in vacuo and triturated with ether to afford
the title compound (391 mg, 83%) as a colourless powder.

[0340] Method B: LC-MS: m/z=191.9 (M+H)+, RT=0.64

mins.

Intermediate 24: Synthesis of
4-(2,2,2-trifluoroethoxy) piperidine

Step 1: Synthesis of
4-(2,2,2-trifluoroethoxy )pyridine

[0341]

(EV-AQ7197-001)
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[0342] To a solution of 2,2,2-trifluoroethanol (0.96 mlL,
13.33 mmol) and NaH (60% in oil, 533.26 mg, 13.33 mmol)
was added 4-chloropyridine hydrochloride (1 g, 6.67 mmol)
in anhydrous DMSO (20 mL). The reaction mixture was
stirred at 0° C. to r.t. overnight. Water (10 mL) was added
and the product extracted with DCM (2x50 mlL). The
combined organic extracts were washed with water (10 mL)
and brine (10 mL), dried over Na,SO,, filtered and concen-
trated in vacuo to afford the title compound (510 mg, 38.9%)
as a tan gum.

[0343] Method B: LC-MS: m/z=178.0 (M+H)+, RT=0.31
min.

Step 2: Synthesis of 4-(2,2,2-trifluoroethoxy)

piperidine
[0344]
(EV-AS3700-001)
HN
"X,
F F
[0345] 4-(2,2,2-trifluoroethoxy)pyridine  (EV-AQ7197-

001, 510 mg, 2.88 mmol) was dissolved in EtOH: acetic acid
(3:1, 60 mL) and subjected to H-cube hydrogenation (1
ml/min, 90 bar, 80° C.) over a 5% Rh/C cat cart. The
reaction mixture was concentrated in vacuo to afford the title
compound (104 mg, 11.9%) as a tan gum.

Apr. 6,2017

Intermediate 25: Synthesis of
+(syn)-4-methyl-2-(triftuoromethyl)piperidine

hydrochloride
[0347]
(EV-AQ8830-001)
CH;
®)
+- [
N/(S)K F
H F
F
[0348] A solution of 4-methyl-2-(trifluoromethyl)pyridine

(1 g, 6.21 mmol) in MeOH (20 ml) was treated with HCl
(4M in dioxane, 1.9 mL), followed by platinum (iv) oxide
(85 mg, 0.37 mmol) and the resultant suspension was
hydrogenated in a pressure vessel at 50 psi and r.t. for 20 h.
More platinum (iv) oxide (85 mg, 0.37 mmol) was added
along with AcOH (10 ml) and the hydrogenation was
continued for 20 h.

[0349] The catalyst was removed by filtration over Celite
and the filtrate evaporated under vacuum, the residue was
triturated with ether to provide the title compound (460 mg,
36%) as a white solid.

[0350] Method B: LC-MS m/z=167.95 [M+H]*; RT=0.18
min.

Examples 89-141

[0351] Examples in Table 8 were prepared using Method
1 reacting Intermediate 18 (5-methyl-1-{4-oxo0-3H,4H,5H,
6H,7H-cyclopenta[d]pyrimidin-2-y1}-1H-pyrazole-4-car-

[0346] Method B: LC-MS: m/z=184.0 (M+H)+, RT=0.21- boxylic acid) with the appropriate amine using the specified
0.33 min. coupling reagent.
TABLE 8
LC-MS MS
Example Ref. (RT) (M +H) Coupling
No No. LBN Structure Method C Method C  Agent Comments
89 Q-431 EV- O 2.55 382.2 T3P

AQ7102-002
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TABLE 8-continued
LC-MS MS
Example Ref. (RT) (M + H) Coupling
No No. LBN Structure Method C Method C~ Agent Comments
90 Q-435 EV- O 3.17 438.2 T3P,
AQ7103-002 SOCl,
NH
| CH;
)\ 0 F
N N
| ,—é F
N
N F
F
F F
91 Q-446 EV- O 2.47 420.2 T3P
AQ7126-004
NH
| CH;
N)\N \ 0
|
Naso
N
HO
92 Q-449 EV- O 2.48 440.2 T3P
AQ7132-002
NH
| CH;
N)\ N \ 0
|
N
N
F
F
HO CH; F
93 Q461 EV- O 2.1 358.3 T3P
AQ7145-002
NH
| CH;
Va 0
o
Nz
N

H;C
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TABLE 8-continued

LC-MS MS
Example Ref. (RT) (M + H) Coupling
No No. LBN Structure Method C Method C~ Agent Comments
94 Q-462 EV- O 3.13 420.2 T3P
AQ7146-002
NH
| CH;
)\ (0]
N Il\I \
Naso
N
O
95 Q-505 EV- O 1.67 405.2 T3P
AQ7172-001
NH
| CH;
)\
N Iil \
Naso
96 Q-496 EV- O 3.03 448.1 T3P
AQ7172-002
NH
| CH;
)\ “,
Y s
N O
6}
97 Q-418 EV- O 2.72 396.2 T3P
AQ8866-003
NH
| CH;
O
)\
o
N N
F
F
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TABLE 8-continued

LC-MS MS
Example Ref. (RT) (M + H) Coupling
No No. LBN Structure Method C Method C~ Agent Comments

98 Q-497 EV-
AQ7172-003

2.63 417.2 T3P

0
| NH CH; H3C\
)\ N
N

¢}

99 Q-498 EV- 3.06 443.2 T3P
AQ7172-004
(€]
| N
/
N

100 Q499  EV- 461.1 T3P
AQ7173-001 Q
0
NH
| CH;
)\ N
N

|
Naxo
(6]

101 Q-500 EV- O 3.45 450.2 T3P

AQ7173-002
;G
1,0 —CH;
N 0
0 \_<;
o
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TABLE 8-continued

LC-MS MS
Example Ref. (RT) (M + H) Coupling
No No. LBN Structure Method C Method C~ Agent Comments
102 Q-501 EV- O 3.18 434.2 T3P
AQ7173-003
NH
| CH;
Z 0 CHj
o
N
N
CH,
%
103 Q-502 EV- O 3.14 476.1 T3P
AQ7176-001
NH
| CH;
N)\N \ O
N
N
OH
F.
F
F
104 Q-464 EV- O 2.02 353.1 T3P
AQ8829-001
NH
| CH;
)\ (0]
o
N
N
N
105 Q-470 EV- O 1.9 330.1 T3P
AQ8832-001

0—CH;



US 2017/0096435 Al

Apr. 6,2017
334

TABLE 8-continued

LC-MS MS
Example Ref. (RT) (M + H) Coupling
No No. LBN Structure Method C Method C~ Agent Comments
106 Q-477 EV- O 2.86 406.2 T3P
AQ8837-001
NH
| CH;
a ]
N A\
N Q
@O
107 Q-478 EV- O 1.92 344.2 T3P
AQ8838-001
NH
| CH;
= (]
N
e
N
CHj3
o
O
108 Q-504 EV- O 25 468.1 T3P
AQ8853-001
NH
| CH;
Z o]
N
Namo
N
S
&
ol
¢}
109 Q-424 EV- O 2.47 364.2 COMU
AQ0237-002
NH
| CH;
=



US 2017/0096435 Al

335

TABLE 8-continued
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LC-MS MS

Example Ref. (RT) (M + H) Coupling
No No. LBN Structure Method C Method C~ Agent Comments
110 Q-428 EV- 3.22 404.2 T3p

AQ0241-002
CH;
N \ 2
N N
111 Q-473 EV- 2.98 429.2 T3p
ARS3330-002
CH;
\ O
Nawo
112 Q-479 EV- 2.83 376.2 T3p
ARS5333-002
CHj3
N \ 3
N N
113 Q-490 EV- 3.00 378.2 T3p
ARS5335-002
CH;
N \ 2
N N

CH;
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TABLE 8-continued

LC-MS MS
Example Ref. (RT) (M + H) Coupling
No No. LBN Structure Method C Method C~ Agent Comments
114 Q-491 EV- O 3.46 418.2 T3P
ARS5343-002
NH
| CH;
)\ 0
N III \
N
N
115 Q-492 EV- O 2.94 356.2 T3P
ARS5344-002
NH
| CH;
)\ o]
o
Nz
N
/
H;C
116 Q-489 EV- O 3.01 475.2 T3P
ARS5345-002
NH
| CH; H;C  CH;
N/ N o O CH;
I N\
N &
N—(S)
117 Q-487 EV- O 2.87 395.2 T3P
ARS5346-002
NH
| CH;
F 0
N Iil \
Naso
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TABLE 8-continued
LC-MS MS
Example Ref. (RT) (M + H) Coupling
No No. LBN Structure Method C Method C~ Agent Comments
118 Q-493 EV- 3.73 454.2 T3P
ARS5347-002 I}
NH
| CHj CHj
)\ N—(8)
o
Nz
6}
119 Q-485 EV- O 3.36 419.2 T3P
ARS5351-002
NH
| CH;
F 0
o
Nam
<—N CHj3
120 Q-486 EV- O 2.9 466.1 T3P
ARS5352-002
NH
| CH;
N)\N \ 0
Namo
N
s
HsC —N
N
Vi
Cl
121 Q-506 EV- O 1.68 415.1 T3P
ARS5357-002
NH
| CH;
N)\N \ 0
Nz
N
/
H;C
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TABLE 8-continued
LC-MS MS
Example Ref. (RT) (M + H) Coupling
No No. LBN Structure Method C Method C~ Agent
122 Q-507 EV- O 2.97 477.2 T3P
ARS5363-002
NH
| CH;
N)\N O
| A\
= N
‘>7CH3
N
g
O
123 Q-468 EV- O 3.07 420.2 T3P
AQ3828-001
NH
| CH;
P o]
N Il\I Q
Nam
N
<:>70
124 Q-476 EV- O 2.93 410.2 T3P
AQ3831-001
NH
| CH;
= o]
o
N
N
F
F
F
125 Q-450 EV- O 2.85 396.2 T3P
AN9592-005
NH
| CH;
N)\N \ 0
Nam
N F
F
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TABLE 8-continued

LC-MS MS
Example Ref. (RT) (M + H) Coupling
No No. LBN Structure Method C Method C~ Agent Comments
126 Q-423 EV- 2.99 min, 409.0 COMU

AQ3801-003 18%,
3.02 min,
74%.

M

HsC

F
127 Q434 EV- 0 3.02 409.0 T3P
AQ3808-002
| NH
N)\N 0
+- | \ $
N s
N
TF,
128 Q-482 EV- 0 2.16 358.2 T3P
AQ3835-002
NH
| CH;
N/ N \ P
N
N CH;
/
(@]
129 Q-518 EV- 0 367.2 2.23 T3P
AQ7198-001
NH
| CH;
N)\N \ 0
N N
==y

H;C
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TABLE 8-continued
LC-MS MS
Example Ref. (RT) (M + H) Coupling
No No. LBN Structure Method C Method C~ Agent Comments
130 Q-519 EV- O 381.2 2.48 T3P
AQ7198-002
NH
| CH;
N)\N \ 0
|
Naw
N
=y
CH;
131 Q-520 EV- O 372.2 2.29 T3P
AQ7199-001
NH
| CH;
)\ (0]
N Il\I \
Naao
N
CH;
O/
HiC
132 Q-451 EV- O 368.2 3.10 T3P
AN9594-002
NH
| CH;
N/ N \ 2
Nz
N
421.1 3.05 T3P

133 Q-532 EV- (6]
AS5411-002 o < ;
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TABLE 8-continued

LC-MS MS
Example Ref. (RT) (M + H) Coupling

No No. LBN Structure Method C Method C~ Agent Comments
134 Q-510 EV- (@] 390.3 291 T3P

AR7006-003

NH
| CH;
P o]
R
Na
D\Q

135 Q-469 EV- O 395.2 2.52 T3P Intermediate

AQ8831-001 13

NH
| CH;
P o]
o
Nam
N
CH;
HiC \\
N

136 Q-514 EV- O 434.2 3.07 T3P

AQ8865-001

NH
| CH;
P o]
o
Na
N :
O
/
HsC

137 Q-521 EV- O 426.1 2.73 T3P Intermediate

AS3701-002 24
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LC-MS MS
Example Ref. (RT) (M + H) Coupling
No No. LBN Structure Method C Method C~ Agent Comments
138 Q-509 EV- (€] 446.2 2.56 T3P Intermediate
AQ7187-002 21
NH
| CH;
P o]
N Il\I \
Nao
N
%
139 Q-513 EV- (€] 430.3 3.31 T3P Intermediate
AQ7190-002 22
NH
| CH;
)\ (0]
N Il\I \
Nao
N
140 Q-483 EV- (€] 434.2 2.63 SOClL, Intermediate
AQ7163-003 20
NH
| CH;
P (0]
N N
| CHj
Nao
N
HO
141 Q-480 EV- O 410.1 3.36 SOClL, Intermediate
ARS5334-002 25
| NH
)\
N

+/-

C

®
(

F F
Y
)

S)

\CHg
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Examples 142-145
[0352] Examples in Table 9 were prepared by chiral sepa-
ration of racemic compounds in Table 8. The stereochem-
istry was arbitrarily assigned.
TABLE 9
LC-MS MS Column
Example Ref. (RT) (M + H)* Retention* Separation
No No. LBN Structure Method C  Method C (min) method
142 Q-442 EV-AQ3808-004 O 3.01 94% 409.0 16.3 N
Method N
CH
| NH 3 o
)\
N N\ A
N
N=— / /w
R
H3cr( )\/ ®
F F
143 Q-459 EV-AQ3808-005 O 3.01 95% 409.0 21.3 N
Method N
CH,
| NH 3 o
)\
N N\ N
N
N= / /w
o (S)
H;Cw ( N
KF
F F
144  Q-474 EV-AN9592-006 O 2.84 396.2 7.47 O
Method O
NH
CH;
& 0
o
= N F
(R)-..néF
ori F
145  Q-475 EV-AN9592-007 O 2.84 396.2 12.48 O
Method O
NH
CH;
F
o
Na
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Preparative Example 6—Direct Cyclisation of
Hydrazines
[0353]
(€]
| NH
N)\N
| \ CO,>NRR,
Na
(€]
CO,NR,NR,
Route X
NMez
o) o o)
NaOH, water, Hydrazine,
NO Mel EtOH, 100° C., 1 hr NH
Z
N S N)\S/ N N—NH,
Intermediate 26: Preparation of methyl-2-[(dimeth- Step 1: Synthesis of 1-(1,2,3,4-tetrahydroisoquino-
ylamino)methylidene]-3-oxobutanoate lin-2-yl)butane-1,3-dione
[0354]
[0358]
(EV-AL6988-001)
(€] (6]
CH,
H,C | o
H;C
3 \N
| (EV-AP2535-001)
CH; 0 0
[0355] Methyl 3-oxobutanoate (40 g, 0.34 mol) and 1,1- H;CMN

dimethoxy-N,N-dimethylmethanamine (54.92 ml, 0.41
mol) were combined and stirred at 80° C. for 2 h. The
reaction mixture was concentrated in vacuo and the resulting
oil was dried for 24 h under vacuum to afford the title
compound (56.53 g, 86.3%) as a dark red solid.

[0356] 'H NMR (500 MHz, DMSO-d6) § 7.62 (s, 1H),
3.63 (s, 3H), 3.24-2.96 (m, 3H), 2.90-2.58 (m, 3H), 2.13 (s,
3H).

Intermediate 27: Preparation of 2-[(dimethylamino)
methylidene]-1-(1,2,3,4-tetrahydroisoquinolin-2-y1)
butane-1,3-dione (EV-AP2538-001)
[0357]

[0359] To a solution of 1,2,34-tetrahydroisoquinoline
(10.0 mL, 78.83 mmol) in toluene (80 ml) was added
methyl 3-oxobutanoate (12.76 mL, 118.25 mmol) and tri-
ethylamine (13.19 mI,, 94.6 mmol) and stirred at 105° C. for
15.5 hours. Water (15 mL) was added to the cooled reaction
mixture and the organic phase was extracted. The organics
were dried over Na,SO,, filtered and concentrated in vacuo.
The crude residue was purified by chromatography on SiO,,
eluting with 0-100% EtOAc in heptane to afford the title
compound (12.8 g, 70.2%) as viscous yellow oil.

[0360] Method A: LC-MS: m/z=218.0 (M+H)+; RT=1.03
min.
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Step 2: Synthesis of 2-[(dimethylamino)methyl-
idene]-1-(1,2,3,4-tetrahydroisoquinolin-2-yl)butane-

1,3-dione
[0361]
(EV-AP2538-001)
(€] (6]
H;C | N
H;C
3 \Il\]
CH;
[0362] 1-(1,2,3,4-tetrahydroisoquinolin-2-yl)butane-1,3-

dione (EV-AP2535-001, 2 g, 9.21 mmol) and 1,1-dime-
thoxy-N,N-dimethylmethanamine (1.47 ml, 11.1 mmol)
were combined and stirred at 80° C. for 15 h. The reaction
mixture was concentrated in vacuo to afford the title com-
pound (2.51 g, 96.1%) as a beige powder.

[0363] Method A: LC-MS: m/z=273.0 (M+H)+; RT=0.99
min.

Intermediate 28: Preparation of (2E)-2-[(dimethyl-
amino)methylidene]-1-[4-(trifluoromethyl)piperidin-
1-yl]butane-1,3-dione (EV-AP2553-001)

[0364]
(€] (6]
H,C | N
H;C F
3 \N
| F
CH; F
[0365] The title compound was prepared in an analogous

manner to intermediate EV-AP2535-001 starting with 4-tri-
fluoromethylpiperidine hydrochloride (10.5 g, 55.4 mm) to
afford the title compound (13.4 g, 87%) as a dark orange
powder.

[0366] Method A: LC-MS: m/z=293.0 (M+H); RT=0.97
min.

Intermediate 29: Preparation of 1-(1H-pyrazole-4-
carbonyl)-4-(trifluoromethyl)piperidine (EV-
AQ8818-001)

[0367]

(EV-AQ8818-001)
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[0368] To a stirred solution of 1H-pyrazole-4-carboxylic
acid (1.0 g, 8.92 mmol) and DIPEA (5.4 mL, 31.2 mmol) in
THF (15 mL) was added T3P (50% in EtOAc, 10.5 mL, 17.8
mmol) and stirred at r.t. for 5 mins. 4-(triffuoromethyl)
piperidine hydrochloride (2.03 g, 10.7 mmol) was then
added and the solution was stirred at r.t. overnight. The
reaction mixture was cooled, partitioned between DCM (30
ml) and saturated NaHCO; solution (40 mL) and the
aqueous fraction extracted with DCM (2x30 mL). The
combined organic fractions were dried over MgSO,, and the
solvent removed in vacuo. The resulting oil was purified via
chromatography on SiO, MeOH/DCM (gradient 100:0-90:
10) to afford the title compound (673 mg, 61%) as a yellow
powder.

[0369] Method A: LC-MS m/z=248.0 [M+H]+; RT=0.98
min.

Intermediate 30: Preparation of Synthesis of
6-chloro-2-hydrazinyl-3H,4H-thieno[3,2-d|pyrimi-
din-4-one

Step 1: Synthesis of methyl
1H,2H,3H,4H-thieno[3,2-d|pyrimidine-2,4-dione

[0370]

(EV-AP2346-001)

S

QU

N/J\o
i

[0371] A mixture of methyl 3-aminothiophene-2-carboxy-
late (3.5 g, 22.3 mmol) and urea (8.75 mL, 144.7 mmol) was
heated at 180° C. for 5 h. The mixture was cooled to ~90°
C. and water (40 mL) was added. The mixture was stirred at
r.t. overnight and the resulting precipitate isolated via fil-
tration to afford the title compound (3.66 mg, 98%) as an
off-white powder.

[0372] Method A: LC-MS m/z=214.0 [M+H]*; RT=0.79
min.

Step 2: Synthesis of 6-nitro-1H,2H,3H,4H-thieno[3,
2-d|pyrimidine-2,4-dione
[0373]

(EV-AP2349-001)

S

02N |
\

NH

[0374] 1H,2H,3H,4H-thieno[3,2-d]pyrimidine-2,4-dione

(EV-AP2346-001, 3.65 g, 21.7 mmol) was added portion
wise to a stirred solution of fuming HNO; (12 mlL) and
H,SO, (95%, 12 mL) at 0° C. The reaction was warmed to



US 2017/0096435 Al

346

r.t. and stirred for 1 h. The precipitated solid was collected
via filtration to afford the title compound (1.28 g, 28%) as an
orange powder.

[0375] Method A: LC-MS m/z=214.0 [M+H]*; RT=0.79
min.

Step 3: Synthesis of
2.4,6-trichlorothieno[3,2-d|pyrimidine

[0376]

(EV-AP2352-001)

[0377] A stirred suspension of 6-nitro-1H,2H,3H,4H-
thieno[3,2-d]pyrimidine-2,4-dione (EV-AP2349-001, 1.2 g,
21.7 mmol) in phenylphosphonic dichloride (5 mL, 35.3
mmol) was stirred at 180° C. for 4 h. The mixture was cooled
to ~100° C. and transferred slowly onto vigorously stirred
ice/water (40 mL). The resulting suspension was stirred at
r.t. for 30 mins and was then extracted with DCM (2x40
ml). The combined organic fractions were dried over
Na,SO,, concentrated in vacuo, and purified via chroma-
tography on SiO, (0:100-10:90 MeOH-DCM) followed by
further chromatography on SiO, (0:100-50:50 EtOAc-hep-
tane) to yield the title compound (752 mg, 55%) as a
colourless powder.

[0378] Method A: LC-MS m/z=240.7 [M+H]*; RT=1.43
min.

Step 4: Synthesis of
2,6-dichloro-3H,4H-thieno[3,2-d]pyrimidin-4-one

[0379]
(EV-AP2354-001)
O
S
NH
B S PN
/
N Cl
[0380] To a stirred solution of 2,4,6-trichlorothieno[3,2-

d]pyrimidine (EV-AP2352-001,749 mg, 3.13 mmol) in THF
(12 mL) was added 1M aq NaOH solution (16 mL., 16 mmol)
and stirred at r.t. overnight. The solution was acidified to pH
~5 with 5M aq HCI solution and the resulting precipitate
isolated via filtration to afford the title compound (400 mg,
58%) as a colourless powder.

[0381] Method A: LC-MS m/z=220.8 [M+H]*; RT=1.02
min.
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Step 5: Synthesis of 6-chloro-2-hydrazinyl-3H,4H-
thieno[3,2-d]pyrimidin-4-one

[0382]
(EV-AP2359-001)
O
S NH
A
- NI
N N7
H
[0383] To a stirred solution of 2,6-dichloro-3H,4H-thieno

[3,2-d]pyrimidin-4-one (EV-AP2354-001, 361 mg, 1.63
mmol) in ethanol (5 mL) was added hydrazine hydrate (199
ul, 4.08 mmol) and stirred at 80° C. overnight. The reaction
mixture was cooled, the precipitate was collected via filtra-
tion and the solid washed with water to afford the title
compound (247 mg, 70%) as a yellow powder.

[0384] Method A: LC-MS m/z=216.9 [M+H]*; RT=0.74
min.

Intermediate 31: Preparation of
5-chloro-2-hydrazinyl-3,4-dihydropyrimidin-4-one

Step 1: Synthesis of
5-chloro-2-hydrazinyl-3,4-dihydropyrimidin-4-one

[0385]

(EV-AP2350-001)

(€]
Cl
| NH
)\
N Cl
[0386] To a solution of 2,4,5-trichloropyrimidine (5.00 g,

27.3 mmol) in THF (12 mL) was added 1M aq NaOH (35.4
ml, 35.4 mmol) and stirred at r.t. for 3 days. The solution
was acidified to pH ~5 with SM aq HCI and extracted with
DCM (2x40 mL). The combined organic fractions were
dried over Na,SO,, concentrated in vacuo and triturated
with 1:4 DCM-heptane to afford the title compound (2.33 g,
52%) as an orange powder.

[0387] Method A: LC-MS m/z=164.8 [M+H]*; RT=0.38
min.

Step 2: Synthesis of
5-chloro-2-hydrazinyl-3,4-dihydropyrimidin-4-one

[0388]

(EV-AP2357-001)

Cl

| NI
)\ NI,
N N7
i
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[0389] To a solution of 2,5-dichloro-3,4-dihydropyrimi-
din-4-one (EV-AP2350-001, 200 mg, 1.21 mmol) in ethanol
(3 mL) was added hydrazine hydrate (148 L, 3.03 mmol)
and stirred at 50° C. overnight. The reaction mixture was
cooled to rt. and the resulting precipitate isolated via
filtration to afford the title compound (88 mg, 45%) as an
off-white powder.

[0390] Method A: LC-MS m/z=160.9 [M+H]*; RT=0.17
min.

Intermediate 32: Preparation of 5-tert-butyl-2-hy-
drazinyl-3,4-dihydropyrimidin-4-one

Step 1: Synthesis of ethyl
2-formyl-3,3-dimethylbutanoate

[0391]
(EV-AQ7549-002)
(6] (€]
H3C/\O H
H;C CH;
CH;
[0392] To a solution of ethyl 3,3-dimethylbutanoate

(5.814 ml, 34.67 mmol) and ethyl formate (8.366 ml, 104.01
mmol) in DCM (60 ml) at 0° C. under nitrogen was added
TiCl, (52.01 ml, 52.01 mmol) and Et;N (11.61 ml,, 83.21
mmol) and stirred at 0° C.—r.t. overnight. To the reaction
mixture was added water, which was then extracted with
DCM (2x50 ml). The combined organic extracts were
washed with brine, dried over Na,SO,, concentrated in
vacuo and purified via column chromatography (100:0-0:
100 Heptane-EtOAc) to afford the title compound (2.72 mg,
42%) as a free flowing orange oil.

[0393] 'H NMR (500 MHz, DMSO-d6) & 9.74 (d, J=3.6
Hz, 1H), 4.21-4.10 (m, 2H), 3.07 (d, J=3.6 Hz, 1H), 1.21 (t,
J=7.1 Hz, 3H), 1.07 (s, 9H).

Step 2: Synthesis of 5-tert-butyl-2-(methylsulfanyl)-
3.4,5,6-tetrahydropyrimidin-4-one

[0394]
(EV-A07576-001)
cH; O
H;C
H,C | NH
N/KS
H
[0395] To a solution of ethyl 2-formyl-3,3-dimethylbu-

tanoate (EV-A07549-002, 92%, 100 mg, 0.534 mmol) in
water (2 ml) was added 1M aq NaOH solution (534 ul, 0.534
mmol) and thiourea (122 mg, 1.603 mmol) and stirred at
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100° C. for 1 h. The reaction mixture was allowed to cool to
r.t. and acidified to pH 2-3 using 1M aq HCI solution to
afford a white precipitate. The reaction mixture was filtered,
washing with MeCN, to afford the title compound (72 mg,
73%) as a pearly white solid.

[0396] Method A: LC-MS m/z=184.9 [M+H]*; RT=0.93
min.

Step 3: Synthesis of 3,6-dimethyl-2-(methylsulfa-
nyl)-3,4-dihydropyrimidin-4-one

[0397]
(EV-A07579-001)
CH; O
H,C
H;C | NH
P cH
N S/ ’
[0398] To water (20 ml) was added NaOH (97%, 286 mg,

6.925 mmol). After the sodium hydroxide had dissolved
S-tert-butyl-2-sulfanylidene-1,2,3 4-tetrahydropyrimidin-4-
one (EV-A07576-001, 1.16 g, 6.295 mmol) was added and
the mixture stirred until dissolved. lodomethane (435 pl,
6.925 mmol) was added dropwise and the mixture stirred at
r.t. overnight. The solid was filtered and washed with ice
cold water (2x10 ml) to afford the title compound (686 mg,
54%) as an off white solid.

[0399] Method A: LC-MS m/z=198.9 [M+H]"; RT=1.09
min.

Step 4: Synthesis of 5-tert-butyl-2-hydrazinyl-3,4-
dihydropyrimidin-4-one

[0400]
(EV-A07581-001)
CH; O
H,C
H;C | NH
P NI
N N
H
[0401] To a solution of 5-tert-butyl-2-(methylsulfanyl)-3,

4-dihydropyrimidin-4-one (EV-A07579-001, 600 mg, 3.026
mmol) in pyridine (5 ml) was added hydrazine hydrate (1.47
ml, 30.26 mmol) and stirred at 100° C. overnight. The
reaction mixture was concentrated in vacuo and triturated
using Et,O to afford the title compound (331 mg, 60%) as
an off white powder.

[0402] Method A: LC-MS m/z=183.0 [M+H]*; RT=0.40
min.
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Intermediate 33: Preparation of 2-hydrazinyl-6-
(trifluoromethyl)-3,4-dihydropyrimidin-4-one (EV-
A07596-001)

[0403]
(€]
| NH
F P NI
N N7
F H
F
[0404] 2-hydrazinyl-6-(trifluoromethyl)-3,4-dihydropy-

rimidin-4-one was prepared by an analogous route to Inter-
mediate 32 substituting with 2-sulfanylidene-6-(trifluorom-
ethyl)-1,2,3 4-tetrahydropyrimidin-4-one, which afforded
the title compound (212 mg, 31%) as an off white powder.
[0405] Method A: LC-MS m/z=194.9 [M+H]*; RT=0.52
min.

Intermediate 34: Preparation of 6-hydrazinyl-1H,
4H,5H-pyrazolo[3,4-d]pyrimidin-4-one (EV-
AQ7120-001)

Step 1: Synthesis of 4-(benzyloxy)-6-chloro-1H-
pyrazolo[3,4-d|pyrimidine

[0406]

(EV-AQ7113-003)

[0407] To a solution of benzyl alcohol (0.19 ml., 1.85
mmol) in dioxane (3 mL) at 0° C. was added potassium
t-butoxide (436.38 mg, 3.89 mmol) followed by 4,6-di-
chloro-1H-pyrazolo[3,4-d]pyrimidine (350 mg, 1.85 mmol).
The reaction mixture was warmed to r.t. over 15 mins and
then stirred for 21 h. The reaction mixture was quenched by
the addition of sat aq NH,CI solution (2 mL.) and extracted
with EtOAc (2x5 mL). The combined organic fractions were
dried over Na,SO,, filtered and concentrated in vacuo. The
crude material was purified by chromatography on SiO,,
eluting with 0-50% EtOAc in heptane to afford the title
compound (325 mg, 41.1%) as a white solid.

[0408] Method A: LC-MS: m/z=+261.0, 262.9 (M+H)+;
RT=1.28 min.
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Step 2: Synthesis of
6-chloro-1H,4H,5H-pyrazolo[3,4-d]pyrimidin-4-one
[0409]

(EV-AQ7115-001)

NH
N\/ |
P
HN N Cl

[0410] To a solution of 4-(benzyloxy)-6-chloro-1H-pyra-
zolo[3,4-d|pyrimidine (EV-AQ7113-003, 61%, 325 mg,
0.76 mmol) in THF (2.5 mL.) was added 4M HCl in dioxane
(1.9 mL) and stirred at r.t. for 1.5 h. Conc. HCI (2.5 mL) was
then added and the reaction stirred for a further 2 h. The
resulting precipitate was collected and dried under vacuum
filtration to afford the title compound (128 mg, 98.7%) as a
white powder.

[0411] Method A: LC-MS: m/z=+170.9, 172.8 (M+H)+;
RT=0.20

Step 3: Synthesis of 6-hydrazinyl-1H,4H,5H-pyra-
zolo[3,4-d|pyrimidin-4-one

[0412]
(EV-AQ7120-001)
O
NH
AL
NH
LN N/ N 2
H
[0413] To a solution of 6-chloro-1H,4H,5H-pyrazolo|3,4-

d]pyrimidin-4-one (EV-AQ7115-001, 128 mg, 0.75 mmol)
in ethanol (2 mL.) was added hydrazine hydrate (0.18 mL,
3.75 mmol). The reaction vessel was sealed and the reaction
mixture irradiated in the microwave at 100° C. for 30 mins.
The reaction mixture was cooled and the resulting precipi-
tate was collected and dried under vacuum to afford the title
compound (90 mg, 72.2%) as a white powder.

[0414] Method A: LC-MS: m/z=+166.9 (M+H)+; RT=0.
17 min.

Intermediate 35: Preparation of 2-hydrazinyl-5,6-
dimethyl-3,4-dihydropyrimidin-4-one (EV-AP2534-
001)

Step 1: Synthesis of 5,6-dimethyl-2-(methylsulfa-
nyl)-3,4-dihydropyrimidin-4-one

[0415]
(EV-AB8059-001)
0
H,C
| NH
=
H,C N T
CH;
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[0416] To a suspension of 5,6-dimethyl-2-sulfanylidene-
1,2,3,4-tetrahydropyrimidin-4-one (2 g, 12.8 mmol) in water
(15 mL) was added sodium hydroxide (527.47 mg, 13.19
mmol) followed by iodomethane (1 ml, 16 mmol) and
stirred at r.t. overnight. The reaction mixture was cooled to
5° C. and the resulting precipitate was collected by vacuum
filtration. The solid was washed with water and dried under
vacuum at 40° C. to afford the title compound (1.67 g, 76%)
as a white powder.

[0417] Method A: LC-MS m/z=170.9 [M+H]*; RT=0.83

min.

Step 2: Synthesis of 2-hydrazinyl-5,6-dimethyl-3,4-
dihydropyrimidin-4-one

[0418]
(EV-AP2534-001)
(€]
H,C
| NH
)\
H;C N 1|\1H
NH,
[0419] To 5,6-dimethyl-2-(methylsulfanyl)-3,4-dihydro-

pyrimidin-4-one (EV-AB8059-001, 1 g, 5.87 mmol) was
added hydrazine hydrate (1.43 mL, 29.37 mmol) and stirred
at 100° C. for 1.5 h. The reaction was then allowed to stand
at rt. over the weekend. A further portion of hydrazine
hydrate (1.43 ml., 29.37 mmol) was added and stirred at
100° C. for 1 h. The reaction mixture was cooled to r.t. and
ice cold methanol (3 mL) was added. The resultant precipi-
tate was collected by vacuum filtration and washed with
more ice cold methanol (5 mL). The solid was dried further
under vacuum to afford the title compound (618 mg, 68.2%)
as a white powder.

[0420] Method A: LC-MS m/z=154.9 [M+H]*; RT=0.17

min.

Intermediate 36: Preparation of
5-chloro-6H,7H-[1,3 thiazolo[4,5-d]pyrimidin-7-one
(EV-AQ0249-001)

[0421]
(€]
<S | NH
\N N)\Cl
[0422] EV-AQ0249-001 was synthesized in an analogous

method to the synthesis of EV-AQ0263-001, affording the
title compound (190 mg, 56%) as a yellow powder.

[0423] Method A: LC-MS nyz=187.85 [M+H]*; RT=0.37

min.

Intermediate 37a: Synthesis of 2-hydrazinyl-3H,4H-
pyrrolo[2,1-f][1,2,4]triazin-4-one

Step 1: Synthesis of
2-chloro-3H,4H-pyrrolo[2,1-f][1,2,4]triazin-4-one

[0424]
EV-AQ3861
(@]
= NH
\ N )\
N a
[0425] To a solution of 2.4-dichloropyrrolo[2,1-1][1,2,4]

triazine (2 g, 10.6 mmol) in THF (100 ml) was added sodium
hydroxide (5M, 10.64 ml, 53.2 mmol) and the reaction
mixture was stirred at room temperature for 16 hours and at
50° C. for 4 hours.

[0426] The yellow solution was cooled to room tempera-
ture and concentrated in vacuo and acidified (pH 3-4, 2M
HCI). The resultant precipitate was collected by filtration,
washed with water followed by ether, to afford the title
compound (1.79 g, 99%) as a pale yellow powder after
drying under vacuum.

[0427] Method B: LC-MS m/z=160.0 [M+H]*; RT=0.79
min.

Step 2: Synthesis of 2-hydrazinyl-3H,4H-pyrrolo|2,
1-1][1,2,4]triazin-4-one

[0428]
EV-AQ3863-001
(@]
== NH
A
Ny N—NH,
H

[0429] Hydrazine hydrate (43.04 ul, 0.88 mmol) was

added to a stirred solution of 2-chloro-3H,4H-pyrrolo[2,1-
f][1,2,4]triazin-4-one (100 mg, 0.59 mmol) in EtOH (2 ml)
and the reaction was stirred at room temperature for 18 hours
before the suspension was heated at 80° C. for 40 hours.

[0430] More hydrazine hydrate (43.04 pul, 0.88 mmol) was
added and the reaction mixture was heated at 80° C. for 16
hours

[0431] The yellow suspension was cooled to 4° C., the
solid was collected by filtration, washed with cold water
(~0.5 ml) and dried under vacuum to provide the title
compound (64 mg, 65%) as a yellow solid.

[0432] Method B: LC-MS m/z=166.9 [M+H]*; RT=0.20
min.
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Preparation of 2-[5-methyl-4-(1,2,3,4-tetrahydroiso-
quinoline-2-carbonyl)-1H-pyrazol-1-yl]-3H,4H-
thieno[2,3-d]pyrimidin-4-one

[0433]

Q-382 (EV-AP2544-001)
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[0434] To a solution of 2-hydrazinyl-3H,4H-thieno[2,3-d]
pyrimidin-4-one (formed in an analogous manner to Inter-
mediate 4) (EV-AP2372-001, 120 mg, 0.66 mmol) in etha-
nol (3 mL) was added 2-[(dimethylamino)methylidene]-1-
(1,2,3,4-tetrahydroisoquinolin-2-yl)butane-1,3-dione
(Intermediate 27, 90%, 199.3 mg, 0.66 mmol) followed by
acetic acid (0.13 mL, 2.31 mmol). The vessel was sealed and
the reaction mixture stirred at r.t. for 5 mins and then heated
at 80° C. for 5 h. The reaction mixture was concentrated in
vacuo. The crude residue was purified by chromatography
on Si0, eluting with 0-10% methanol in DCM. The material
was purified further by PREP-HPLC (Method G) to afford
the title compound (20.9 mg, 8.1%) as an off white powder.
[0435] Method C: LC-MS m/z=392.1 [M+H]+; RT=3.12
min.

Examples 146-156 and 157a

[0436] The examples in Table 10 were synthesized by
cyclizing the corresponding hydrazine intermediate with
either intermediate 27 or intermediate 28 using the proce-
dure described in example 1.

TABLE 10

Ref.
No.

Example

No LBN

Structure

LC-MS MS
(RT) M + H)*

Method C  Method C Comments

146 Q-438 EV-AQ7122-002

147 Q-407  EV-AQ0209-002

2.19 396.2 Intermediate

34

3.25 406.2
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TABLE 10-continued

LC-MS MS
Example Ref. (RT) M + H)*
No No. LBN Structure Method C  Method C Comments
148 Q-409  EV-AQ0218-002 O 3.14 426.2
S NH
HiC \ | CH;
Z 0]
N Iil \
Nae N
% i
F F
149 Q-448  EV-AQ0295-002 O 2.02 396.2
HN
NH
<\ | CH,
)\ 0
N N Il\I \
N N
%F
F F
150 Q-384  EV-A07582-002 CH; O 3.55 391.5 Intermediate
H;C 32
H;C | NH CH
3
L
Na N
151 Q-393  EV-A07599-002 O 3.29 404.2 Intermediate
33
NH
| CH;
F N = N 0
F | \
F Na

O
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TABLE 10-continued
LC-MS MS
Example Ref. (RT) M + H)*
No No. LBN Structure Method C  Method C Comments
152 Q-533  EV-AQ3864-005 2.80 394.0 Intermediate
37a
— NH
A
N F# o]
Na
N
<:§v F
153 Q-433  EV-AQ0254-002 2.53 412.1 Intermediate
36
S NH
<\ | CH;
N A S 0
|
N
N
% F
154 Q-394 EV-AP2362-001 O 3.56 426.1 Intermediate
30
S
NH
cl \ CHs
Z 0]
T
N
N >:
155 Q-396  EV-AP2556-002 2.89 376.2 Intermediate

17
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TABLE 10-continued
LC-MS MS
Example Ref. (RT) M + H)*
No No. LBN Structure Method C  Method C Comments
156 Q-387 EV-AP2358-001 O 2.75 370.1 Intermediate
31
Cl\f}\
)\ N
N
157a Q-381 EV-AP2539-002 2.81 364.2 Intermediate

Hscf‘\
H;C N
N

35

Intermediate 37b: Synthesis of ethyl
2-formyl-3-oxopropanoate EV-AQ8817-001

[0437]
(EV-AQ8817-001)
(€]
o 0 e
O/
[0438] To a stirred suspension of sodium hydride (60%,

1.68 g, 42.1 mmol) in THF (20 mL.) was added ethyl formate
(8.5 mL, 105.7 mmol). The solution was cooled to 0° C. and
a solution of ethyl 3,3-diethoxypropanoate (4 g, 21.0 mmol)
in THF (10 mL) was added dropwise over 30 mins and the
reaction mixture stirred at r.t. overnight. 2M aq HC1 (30 mL)
was added under whilst cooling with ice and the reaction
stirred at r.t. for 30 mins. The reaction mixture was extracted
with diethyl ether (2x50 ml) and the combined organic
extracts were dried over MgSO, and concentrated in vacuo
to afford the title compound (3.02 g, 99.7%) as an amber
liquid.

[0439] 'H NMR (250 MHz, Chloroform-d) & 9.13 (s, 2H),
4.29 (q, J=7.1 Hz, 2H), 1.37-1.28 (m, 3H).

Example 158a—Preparation of 6-methyl-2-[5-
methyl-3-(1,2,3,4-tetrahydroisoquinoline-2-carbo-
nyl)-1H-pyrazol-1-yl]-3,4-dihydropyrimidin-4-one

Q-432 (EV-AQ0253-002)

Step 1: Synthesis of methyl 3-[2-(4-methyl-6-oxo-
1,6-dihydropyrimidin-2-yl)hydrazin-1-ylidene|bu-

tanoate
[0440]
(EV-AQ3804-001)
(€]
NH
)\ N
N NT X
H
O
o
(6]
[0441] A solution of 2-hydrazinyl-6-methyl-3,4-dihydro-

pyrimidin-4-one (Intermediate 1, EV-A05744-001, 826 mg,
5.89 mmol) and methyl 3-oxobutanoate (763 pl, 7.07 mmol)
in EtOH (20 ml) was heated at reflux for 3 h. The reaction
mixture was cooled to r.t., concentrated in vacuo and tritu-
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rated with EtOH, washing with EtOH followed by Et,O, to
afford the title compound (886 mg, 63%) as a pink solid.

[0442] Method A: LC-MS m/z=239.00 [M+H]*; RT=0.71
min.

Step 2: Synthesis of methyl 3-methyl-1-(4-methyl-
6-0%0-1,6-dihydropyrimidin-2-y1)-1H-pyrazole-4-

carboxylate
[0443]
(EV-AQ3806-002)
(€]
| NH
Z
H;C N lel O—cp,
Na
(6]
CH;
[0444] A solution of methyl 3-[2-(4-methyl-6-0x0-1,6-

dihydropyrimidin-2-yl)hydrazin-1-ylidene]butanoate (EV-
AQ3804-001, 300 mg, 1.26 mmol) in anhydrous DMF (4
ml) at 0° C. was treated dropwise with phosphoric trichlo-
ride (352 pl, 3.78 mmol) and stirred at 0° C. for 2 h. The
reaction mixture was quenched by the addition of water (1
ml), poured onto crushed ice and left to stand for 30 mins.
The solution was neutralised with 1M aq NaOH solution and
then concentrated in vacuo. The residue was dissolved in
water (20 ml) and extracted with EtOAc (3x50 ml). The
organic extracts were washed with brine, dried over mag-
nesium sulfate, concentrated in vacuo and triturated using
Et,O to afford methyl 3-methyl-1-(4-methyl-6-ox0-1,6-di-
hydropyrimidin-2-yl)-1H-pyrazole-4-carboxylate (119 mg,
38%) as a pink solid.

[0445] Method A: LC-MS m/z=249.00 [M+H]*; RT=1.01
min.

Step 3: Synthesis of 3-methyl-1-(4-methyl-6-oxo0-1,
6-dihydropyrimidin-2-y1)-1H-pyrazole-4-carboxylic
acid

[0446]

(EV-AQ0251-001)

N OH

CH;

Apr. 6,2017

[0447] To a solution of methyl 3-methyl-1-(4-methyl-6-
ox0-1,6-dihydropyrimidin-2-y1)-1H-pyrazole-4-carboxylate
(EV-AQ3806-002, 120 mg, 0.44 mmol) in THF (3 mL) was
added 3M aq NaOH solution (0.97 ml) and stirred at r.t. for
2 h. The reaction mixture was concentrated in vacuo to
remove the organic solvent and the aqueous solution acidi-
fied to pH 3 using 5M aq HCI solution. A beige precipitate
formed which was filtered washing with H,O and Et,O to
afford 3-methyl-1-(4-methyl-6-oxo-1,6-dihydropyrimidin-
2-y1)-1H-pyrazole-4-carboxylic acid (110 mg, 95%) as a
beige powder.

[0448] Method A: LC-MS m/z=235.0 [M+H]*: RT=0.83
min.

Step 4: Synthesis of 6-methyl-2-{3-methyl-4-[4-
(trifluoromethyl)piperidine-1-carbonyl]-1H-pyrazol-
1-yl1}-3,4-dihydropyrimidin-4-one

[0449]
Q-432 (EV-AQ0253-002)
(€]
| NH
Z 0
H,C N lel
Nax
N
CH;
F
F F

[0450] To a suspension of 3-methyl-1-(4-methyl-6-oxo-1,

6-dihydropyrimidin-2-yl)-1H-pyrazole-4-carboxylic  acid
(EV-AQ0251-001, 35 mg, 0.15 mmol) in THF (2 ml) was
added DIPEA (91 pl, 0.52 mmol), T3P (50% in EtOAc) (176
ul, 0.30 mmol) and 4-(triftuoromethyl)piperidine hydrochlo-
ride (34 mg, 0.18 mmol) and stirred at rt. for 3 h. The
reaction mixture was concentrated in vacuo, redissolved in
water (10 ml) and extracted with EtOAc (3x20 ml). The
combined organic extracts were dried over sodium sulfate,
concentrated in vacuo and purified via chromatography on
SiO, (gradient 100:0-80:20, DCM-MeOH) to afford
6-methyl-2-{3-methyl-4-[4-(trifluoromethyl)piperidine-1-
carbonyl]-1H-pyrazol-1-y1}-3,4-dihydropyrimidin-4-one
(16 mg, 29%) as an off white powder.

[0451] Method C: LC-MS m/z=370.2 [M+H]*; RT=2.40
min.
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Preparative Example 7—Formation of Products Via
Cyclization to Form Substituted Pyrazoles

COR
One of: R
)fom H)‘ti‘\

[0452]

COzMe COzMe
e}
HO
H‘\NH NMe,
| )\ 3.5 eq AcOH, MeOH, 80° C., 1 hr
P
N N NH,
e}
NH R
| )\ 5 eq NaOH, THF-water
F
N N RT, 1hr
| COR
Nz
R’

Amide coupling
_—
CO,H

e ¥

Intermediate 1

[0}
| NH R
N
N Y
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SYNTHESIS OF INTERMEDIATES
Intermediate 38: Synthesis of
2,4-dichloro-7-methyl-7H-pyrrolo[2,3-d|pyrimidine
[0453]
(EV-AP2589-001)
Cl
am
x )\
/N N cl
H;C
[0454] To a solution of 2,4-dichloro-7H-pyrrolo[2,3-d]

pyrimidine (1.5 g, 7.98 mmol) in THF (30 ml) at 0° C. was
added sodium hydride (60% oil suspension, 383 mg, 9.57
mmol) and stirred at 0° C.—r.t. for 20 mins. lodomethane
(0.6 ml, 9.57 mmol) was added and stirred at r.t. for 3 h. The
mixture was quenched by addition of saturated ammonium
chloride solution (20 mL). EtOAc was then added resulting
in formation of a precipitate. The precipitate was filtered and
the filtrate extracted with EtOAc (x2). The combined
organic fractions were washed with water, dried over
Na,SO,, filtered and concentrated in vacuo to afford the title
compound (1.65 g, 97.2%) as a yellow powder.

[0455] Method A: LC-MS m/z=201.90, 203.90 [M+H]+;
RT=1.21

Intermediate 39: Synthesis of
5-chloro-6H,7H-[1,3]thiazolo[5,4-d]pyrimidin-7-one

Step 1: Synthesis of 7-(benzyloxy)-5-chloro-[1,3]
thiazolo[5,4-d]pyrimidine

[0456]
o/\@
N =
4 j@\
P
5 N cl
(EV-AQ0259-002)

[0457] To a solution of 5,7-dichloro-[1,3]thiazolo[5,4-d]
pyrimidine (980 mg, 4.76 mmol) in THF (20 mL) at 0° C
was added benzyl alcohol (495 ul, 4.76 mmol) and sodium
hydride (114 mg, 4.76 mmol, 60% in mineral oil) and stirred
at r.t. for 22 h. To the reaction mixture was added water (20
ml) and extracted with EtOAc (2x50 ml). The combined
organic extracts were washed with brine, dried over sodium
sulfate and concentrated in vacuo. Purification by chroma-
tography on SiO, (gradient 100:0-90:10, Heptane-EtOAc)
afforded the title compound (708 mg, 47%) as a white
powder.

[0458]
min.

Method A: LC-MS m/z=277.85 [M+H]*; RT=1.39
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Step 2: Synthesis of
5-chloro-6H,7H-[1,3 thiazolo[5,4-d]pyrimidin-7-one

[0459]

e}

/N NI
<S | N)\Cl

(EV-AQ0263-001)

[0460] 7-(benzyloxy)-5-chloro-[1,3]thiazolo[5,4-d]py-
rimidine (EV-AQ0259-002, 708 mg, 2.24 mmol) was dis-
solved in a 1:1 mixture of 37% aq HCI-THF (10 mL) and
stirred at r.t. for 18 h. The reaction mixture was filtered under
vacuum, washing with THF and Et,O, to afford the title
compound (246 mg, 58%) as a pale yellow powder.
[0461] Method A: LC-MS m/z=187.80 [M+H]*; RT=0.49

min.

0
0
o? OEt
NH _
| 0
Z
H;C N 1|\1H
NH,
0
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Intermediate 40: Methyl-2-[(dimethylamino)methyl-
idene]-4-methyl-3-oxopentanoate

[0462]

CH;
CH;

CH;
(EV-A07531-001)

[0463] To methyl 4-methyl-3-oxopentanoate (1.98 ml,
13.87 mmol) was added 1,1-dimethoxy-N,N-dimethylmeth-
anamine (2.21 ml, 16.65 mmol) and the solution was stirred
at 80° C. for 1 h. The reaction mixture was concentrated in
vacuo to afford methyl-2-[(dimethylamino)methylidene]-4-
methyl-3-oxopentanoate (2.76 g, 95%) as an orange oil.

[0464] Method A: LC-MS m/z=200.0 [M+H]*; RT=1.00

Intermediate 41: Methyl-2-[(dimethylamino)methyl-
idene]-4-methyl-3-oxopentanoate

[0465]

CH;
(EV-A00297-001)

[0466] To methyl 4-methyl-3-oxopentanoate (1.98 ml,
13.87 mmol) was added 1,1-dimethoxy-N,N-dimethylmeth-
anamine (2.21 ml, 16.65 mmol) and the solution was stirred
at 80° C. for 1 h. The reaction mixture was concentrated in
vacuo to afford methyl-2-[(dimethylamino)methylidene]-4-
methyl-3-oxopentanoate (2.76 g, 95%) as an orange oil.

[0467] Method A: LC-MS n/z=200.0 [M+H]*; RT=1.00
Examples 157b, 158b, and 159-180
[0468] The compounds in Table 11 were prepared by

cyclization of the intermediate hydrazine with the appropri-
ate enamine followed by coupling using the specified
reagent.
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TABLE 11
LC-MS MS
Ex- (RT) (M +H)* Coup-
ample Ref. Method  Method ling
No Enamine No. LBN Structure C C Agent
157b O e} Q- EV- O 2.87 398.2 T3P
444 AQO0282-
H3C\ CHjz 002 H;C
O NH
| |
H:C_ CH; )\ 0
N H;C N N \
I |
CH; Nax

F
F F
158b O O Q- EV- (€] 3.20 424.2 T3P
445  AQ0286-
H3C\O CH; 002 i H;C
| | CH;
H3C CH; )\ (0]
) I
CH3 Na
N
F
F F
159 (€] O Q- EV- O 2.61 330.2 COMU
330  AO7546-
H3C\ CH; 002 HsC
O | | NH cH
3
HC CH; )\ [0
Il\T H;C N III
CH, N
: N
160 O O Q- EV- (6] 2.95 377.4 T3P
319  AQO281-
H;C CH; 002 H;C
O | | NH cH
3
H3C\ CH3 )\ O
Il\I H;C N Il\I
CH; Nax,
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TABLE 11-continued

LC-MS MS
Ex- RT) M +H)*" Coup-
ample Ref. Method  Method ling
No Enamine No. LBN Structure C C Agent
161 0o 0o Q- EV- 0 291 422.2 T3P
463 AR5315-
H;C 002
g | | NI
)\ O
LEEN NT N
T |
N
CH; N
F
F F
162 0o 0o Q- EV- 0 CH; 3.27 3923  COMU
353 AP2516-
H;C 001
~o | | NH CH,
H:C )\ 0
Il\I H;C CH; HsC N Il\T
CH; Na N
163 o] o] Q- EV- ] 3.04 3582 COMU
371 AP2521- CH;
H3C\O 001 -
| CH;
H;C | )\
~ F 0
T HsC CH; H;C N lel
CH;3 Nam
N
H;C CH;
164 O O Q- EV- 0] 3.40 4262  COMU
358 AP2324-
H;C 001
N0 | | NH
/I\ (6]
LEENS H,C NN
T |
N
CH; N

Angew Chem Int Ed 53(3),
757-760, 2014.
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TABLE 11-continued
LC-MS MS
Ex- RT) M +H)*" Coup-
ample Ref. Method  Method ling
No Enamine No. LBN Structure C C Agent
165 O Q- EV- O 1.72 456.2 COMU
369  AP2329-
H;C 001
o | NI
| )\ O
LEEN H,C N N
T |
N
CH; N‘>
-
—N
Angew Chem Int Ed 53(3),
757-760, 2014.
166 O Q- EV- 3.03 378.2 COMU
370  AP2333-
H;C 001
~0 | NH
| )\ O
H3C\N jive N N
| |
N
CH, = HN
Angew Chem Int Ed 53(3),
757-760, 2014.
167 O O Q- EV- (6] 2.71 386.12 COMU
F 332 AN7498-
001 E
| O/\CH3 | NH F
F )\ O
o] H;C N Il\I
k N
CH; N
W02008053043
168 (€] (€] Q- EV- (€] 2.36 338.1 COMU
F 331 AN7499-
P 001 F,
| (0] CH; | NH F
f (0] )\ O
k H;C N III
CHy s HN

W02008053043
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TABLE 11-continued

LC-MS MS
Ex- RT) M +H)*" Coup-
ample Ref. Method  Method ling
No Enamine No. LBN Structure C C Agent
169 0 0 Q- EV- 0 1.69 340.1  COMU
. 349 AP2500-
PaN 001 F
| 07 CH NI F
: |
O P O
k H;C N III
CH; N
N
<—o
WO02008053043
170 0 0 Q- EV- o] 2.95 4041  COMU
. 342 AN7486- F
001
O/\CH3 NH F
F | | F
F Z 0
O H;C N lel
Q !
CH; = N
WO02008053043
171 0 0 Q- EV- 0 2.56 356.1  TBTU
. 334 AN7489- F
N 001
O CH; NH F
o | '
o # 0
k H;C N III
CH; N HN
WO02008053043
172 0 0 Q- EV- o] 2.67 3642  COMU
375 AP2332-
P 001
HC o™ cr; | NH CH;
)\ O
0 CH; H;C N II\I
N\
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TABLE 11-continued

LC-MS MS
Ex- (RT) (M +H)* Coup-
ample Ref. Method  Method ling
No Enamine No. LBN Structure C C Agent
173 O O Q- EV- (€] 3.04 426.2 COMU
419  AP2578-
P 001 S
HiC O CH;3 | NH CH
3
\ )\ (0]
O CH; N III
Nam,
N
CH;3
F
F F
174 O O Q- EV- (@] 3.15 406.2 COMU
458  AP2577-
N 001 S
H;C 0 CH; | NH CH,
\ )\ O
o CH; N If
N
= N
CH;3
175 O O Q- EV- O 291 372.2 COMU
411  AP2579-
001
H;C O/\CH3 S NH
S s
0 cn, N Ny 0
Nam
N
CH;
H;C CH;
176 O O Q- EV- (€] 2.28 356.2 T3P
443 AQ4752-
003
H O/\CH3 | NH
)\ O
o H HiC N Iil \
N
N
F
F F

W02009148004
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TABLE 11-continued

LC-MS MS
Ex- RT) M +H)*" Coup-
ample Ref. Method  Method ling
No Enamine No. LBN Structure C C Agent
177 O O Q- EV- (@] 2.95 446.1 T3P
537  AQ3868-
PR 002 = NH
H O CH;3 \
N, &# O
~ N \
9 H 111
= N
—N
S
W02009148004
178 O O Q- EV- (€] 2.97 428.3 T3P
536  AQ3869-
N 002 = NH
H O CH; \
N )\ O
NN A\
O H |
N
= N
NH
W02009148004
179 O O Q- EV- (@] 2.42 453.0 T3P
535  AS5419-
N 002 ==
H 0 CH; Q NH
N )\ o)
~
N N
N
= N
57°
Oé

W02009148004
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TABLE 11-continued
LC-MS MS
Ex- RT) M +H)*" Coup-
ample Ref. Method  Method ling
No Enamine No. LBN Structure C C Agent
180 0 0 Q- EV- 0 2.89 414.1 T3P
534 AS5418-
S 002 = NH
H 0 CH; Q
N. =z 0
o) H Il\I
= N
N
WO02009148004
Preparative Example 8 —Formation of -continued
Intermediates Via SNAr
H3C\ on
3
[0469] si”
0 \ THF
CH; N DCM
—_—
H;C Xy
\ ~CHs |
Si z
o /\/ \ e N = O
cH; o, /N
T
| S N o) N
/I\
HiC N Cl | NH
JCHg -
e on o CSF, Pd(PPhy),, HC N | \N
3 3 DME EtOH /
(0] N
HiC \ ) 120° C.
B
H;C o~ 7 N
/ N
—N
H;C Y
\S./CH3
o /\/ 1\ CH N O
CH; J NaOH, THF, 310
x [e] water, MeOH \ ()/\CH3
—_—
| N O .
P o (5a) NaH, DMF, (5b) NaH,
HC N N NH THE or (6) Ca,CO;3, DMF
./ |
N )\ _CH;
H3C\ o H;C N //s\\
3
Si/ O O
o N\ TBTU, 0
CH;3 DIPEA, amine
OH DMF
N S —— NH 3M NaOH,
| | _ THF, water
= N O >
HiC N == 0 H;C N RN
/N
ey
\N ol
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-continued

0
| NH
H;C N)\N/N\
CO,H
o
0
HN/N
A O/\CH3
Sy
0

(52) NaIl, DMF, (5b) Nal,
THF or (6) Ca,CO3, DMF

s
| NH
\ P
N cl
0
s
NH 3M NaOH,
\ | THF, water
Z N 0 _—

Example 181—Preparation of 1-(1-{4-ox0-3H,4H-

thieno[3,2-d]pyrimidin-2-yl1}-1H-pyrazole-4-carbo-

nyl)-4-phenylpiperidine-4-carbonitrile EV-AR5394-
002)

[0470]

Apr. 6,2017

Step 1: Synthesis of ethyl 1-{4-0x0-3H,4H-thieno
[3,2-d]pyrimidin-2-y1}-1H-pyrazole-4-carboxylate
[0471]

(EV-AR5386-001)

[0472] To a solution of 2-chloro-3H,4H-thieno[3,2-d]py-
rimidin-4-one (Intermediate 9, 647 mg, 3.47 mmol) in DMF
(2 ml) was added ethyl 1H-pyrazole-4-carboxylate (Inter-
mediate Y, 437 mg, 3.12 mmol), caesium carbonate (1.69 g,
5.20 mmol), L-proline (160 mg, 1.39 mmol) and copper (1)
iodide (132 mg, 0.69 mmol). The reaction mixture was then
de-gassed and stirred at 120° C. overnight. The reaction
mixture was concentrated in vacuo and a 0.2M aq EDTA
solution (20 ml) and DCM (30 ml) were added and the
mixture was stirred at r.t. overnight. The organic phase was
separated and the aqueous phase was extracted with DCM
(10 ml). The combined organic phases were washed with
water, dried over sodium sulfate and concentrated in vacuo
to afford the title compound (559, 44%) as a beige powder.
[0473] Method B: LC-MS m/z=290.95 [M+H]*; RT=1.02
min.

Step 2: Synthesis of 1-{4-0x0-3H,4H-thieno[3,2-d]
pyrimidin-2-yl1}-1H-pyrazole-4-carboxylic acid.
Intermediate 42

[0474]

(EV-AR5392-002)

[0475] To a solution of methyl ethyl 1-{4-ox0-3H,4H-
thieno[3,2-d]pyrimidin-2-yl }-1H-pyrazole-4-carboxylate
(EV-AR5386-001, 80%, 559 mg, 1.54 mmol) in THF (5 mL)
and water (5 ml) was added 6M aqueous NaOH solution
(2.57 ml) and the reaction mixture stirred at r.t. for 4 h. The
reaction mixture was concentrated in vacuo to remove the
organic solvent and the aqueous mixture acidified to pH 4
using SM aq HCI solution. The reaction mixture was
extracted with EtOAc (2x50 ml) and the combined organic
extracts dried over sodium sulfate and concentrated in vacuo
to afford the title compound (307 mg, 72%) as a pale grey
powder.

[0476] Method B: LC-MS m/z=262.95 [M+H]*; RT=0.82
min.
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Step 3: Synthesis of 1-(1-{4-ox0-3H,4H-thieno[3,2-
dJpyrimidin-2-y1}-1H-pyrazole-4-carbonyl)-4-phe-
nylpiperidine-4-carbonitrile

[0477]

Q-523

(EV-AR5387-002)

Apr. 6,2017

[0478] To a suspension of 1-{4-o0x0-3H,4H-thieno[3,2-d]
pyrimidin-2-yl}-1H-pyrazole-4-carboxylic ~ acid  (BV-
ARS5392-001, 80%, 52 mg, 0.159 mmol) in THF (2 ml) was
added DIPEA (69 pl, 0.40 mmol), T3P (50% in EtOAc) (234
pl, 0.40 mmol) and 4-phenylpiperidine-4-carbonitrile (33
mg, 0.17 mmol) and the reaction mixture stirred at r.t. for 2
h. The reaction mixture was concentrated in vacuo and to the
crude sample added DCM (2 ml) and saturated NaHCO,
solution (1 ml). The solution was then passed through a
phase separator cartridge and concentrated in vacuo. Puri-
fication using an SCX cartridge followed by trituration with
MeOH afforded the title compound (31 mg, 45%) as an off
white powder.

[0479] Method C: LC-MS m/z=431.0 [M+H]*; RT=2.83
min.

Examples 182-184

[0480]

analogous manner to Example 181 by coupling the appro-

The compounds in Table 12 were prepared in an

priate amine with intermediate 42

TABLE 12

Example Ref.
No Route No. LBN

LC-MS MS
(RT) M+ H)*

Structure Method C  Method C

182 1 Q-524 EV-ARS5388-002

(€] 2.36 470.0
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TABLE 12-continued

Apr. 6,2017

LC-MS MS
Example Ref. (RT) M + H)*
No Route No. LBN Structure Method C  Method C
183 1 Q-528 EV-ARS5394-002 O 2.88 463.0
S
| NH
\ N \ P
N;>_<
N
==N
S
184 1 Q-527 EV-ARS5395-002 O 291 445.1
S
| NH
\ )\
N N

=z

Intermediate 43: Synthesis of 1-{4-oxo-3H,4H-
thieno[3,2-d]pyrimidin-2-y1}-1H-pyrazole-3-carbox-
ylic acid

[0481]

Step 1: Synthesis of 2-chloro-4-[(2-methoxyethoxy)
methoxy [thieno[3,2-d]pyrimidine

[0482]

(EV-AP2543-001)
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[0483] To a solution of 2-chloro-3H,4H-thieno[3,2-d]py-
rimidin-4-one (EV-AP2531-001, 750 mg, 4.02 mmol) and
DIPEA (1.03 mL, 6.03 mmol) in THF (15 mL) was added
dropwise 1-(chloromethoxy)-2-methoxyethane (0.5 ml, 4.42
mmol) and stirred at r.t. overnight. To the reaction mixture
was added EtOAc (50 mL) washed with water (2x15 mL)
and brine solution (15 mL). The organic fraction was dried
over Na,SO, and concentrated in vacuo to afford the title
compound (1.09, 87.9%) (as a mixture of N and O alkylation
products) as a tan oil.

[0484] Method A: LC-MS: m/z=274.9, 276.9 (M+H)+;
RT=1.03, 1.19 min, A=52 and 37% respectively.

Step 2: Synthesis of ethyl 1-{4-ox0-3H,4H-thieno
[3,2-d]pyrimidin-2-y1}-1H-pyrazole-3-carboxylate
[0485]

CH;

(EV-AP2547-001)

[0486] To a solution of 2-chloro-4-[(2-methoxyethoxy)
methoxy|thieno[3,2-d]pyrimidine (EV-AP2543-001, 902
mg, 3.28 mmol) in DMF (20 ml) was added caesium
carbonate (1.71 g, 5.25 mmol) and ethyl 1H-pyrazole-5-
carboxylate (506.13 mg, 3.61 mmol) and stirred at 120° C.
for 30 mins. The reaction mixture was cooled to 0° C.,
diluted with 1M aqueous HCI solution (45 ml) and stirred
at 0° C. to r.t. for 30 mins. The resulting precipitate was
filtered under vacuum and dried to afford the title compound
(275 mg, 28%) as a pale brown powder.

[0487] Method A: LC-MS: m/z=+291.1 (M+H)+; RT=1.
12 min.

Step 3: Synthesis of 1-{4-0x0-3H,4H-thieno[3,2-d]
pyrimidin-2-y1}-1H-pyrazole-3-carboxylic acid
Intermediate 43
[0488]

S
NH

\ | N)\N/N 0
e
= OH

(EV-AP2548-001)

[0489] Ethyl 1-{4-ox0-3H,4H-thieno[3,2-d]pyrimidin-2-
yl}-1H-pyrazole-3-carboxylate (EV-AP2547-001, 310 mg,
1.07 mmol) was suspended in 2:2:1 THF/water/methanol
(10 mL) and 2.5M aq NaOH solution (2.6 mL) was added.
The reaction mixture was stirred at r.t. for 1.5 h. The reaction
mixture was concentrated in vacuo and the aqueous solution
acidified to pH 4 with 2M aq HCI solution. The resulting
precipitate was filtered and dried under vacuum filtration to
afford the title compound (260 mg, 91%) as a pale brown
powder.

[0490]
92 min.

Method A: LC-MS: m/z=+262.9 (M+H)+; RT=0.

Example 185—2-[3-(1,2,3,4-tetrahydroisoquinoline-
2-carbonyl)-1H-pyrazol-1-yl1]-3H,4H-thieno[3,2-d]
pyrimidin-4-one

[0491]
Q-388
(@]
S | NH
\ Z N 0
N N~
0~
—
N
(EV-AP2549-002)
[0492] To a solution of 1-{4-0x0-3H,4H-thieno[3,2-d]py-

rimidin-2-y1}-1H-pyrazole-3-carboxylic acid (Intermediate
43) (EV-AP2548-001, 80 mg, 0.31 mmol) in DMF (1.0 mL)
was added COMU (143.71 mg, 0.34 mmol), DIPEA (0.13
ml, 0.76 mmol) and 1,2,3,4-tetrahydroisoquinoline (0.04
ml, 0.34 mmol) and stirred at r.t. for 2 h. The reaction
mixture was concentrated in vacuo and the crude material
was purified by PREP-HPL.C (Method G) to afford the title
compound (28.7 mg, 24.9%) as a fluffy pale yellow solid.

[0493] Method C: LC-MS: m/z=+378.1 (M+H)+; RT=2.
98 min.

Examples 186-187

[0494] The examples in Table 13 were prepared analo-
gously to example 181 coupling intermediate 43
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TABLE 13
LC-MS MS
Example Ref. (RT) M + H)*
No No. LBN Structure Method C  Method C
186  Q-389 EV-AP2550-001 O 2.74 344.1
S | NH
\ )\ N O
N N7
ot
—
N
H;C CH;
187 Q-390 EV-AP2551-001 O 2.88 398.1

F
F
F
Example 188—Preparation of 2-methyl-6-{3-[4- Step 1: Synthesis of ethyl 1-(2-methyl-6-0x0-1,6-
(trifluoromethyl)piperidine-1-carbonyl]-1H-pyrazol- dihydropyrimidin-4-yl)-1H-pyrazole-3-carboxylate
1-yl}-3,4-dihydropyrimidin-4-one (Q-437,
EV-AQ7121-003) [0496]
[0495] 0
HN |
x 0
HyC N N/N\
(€] S 5
N | CH;
ch)\N N/N\ P (EV-AQ7119-001)
M
N [0497] To a microwave vessel was added 6-chloro-2-

methyl-3,4-dihydropyrimidin-4-one (450 mg, 3.11 mmol),
ethyl 1H-pyrazole-5-carboxylate (610.74 mg, 4.36 mmol),
caesium carbonate (1.72 g, 5.29 mmol), L-proline (143.36
mg, 1.25 mmol) and copper (I) iodide (118.57 mg, 0.62
mmol) in DMF (10 mL). The reaction mixture was de-
gassed by bubbling through nitrogen gas for 5 mins and then
irradiated in the microwave at 140° C. for 4 h. Additional
6-chloro-2-methyl-3,4-dihydropyrimidin-4-one (150 mg,
1.04 mmol) was added and the reaction irradiated at 140° C.
for a further 1.5 h. EtOAc was added to the cooled reaction
mixture and the organic layer washed with brine (x2). The
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organics were dried over Na,SO,, concentrated in vacuo and
purified by chromatography on SiO,, eluting with 0-100%
EtOAc in heptane followed by a flush with 50% methanol in
EtOAc to afford the title compound (294 mg, 11.4%) as a
beige powder.

[0498] Method A: LC-MS: m/z=+249.0 (M+H)+; RT=1.
00 min.

Step 2: Synthesis of 1-(2-methyl-6-0x0-1,6-dihy-
dropyrimidin-4-yl)-1H-pyrazole-3-carboxylic acid

[0499]
(EV-AQ7123-001)
(€]
I |
)\
H;C N I\\:N>_<o
e
OH
[0500] Ethyl 1-(2-methyl-6-0%x0-1,6-dihydropyrimidin-4-

yD)-1H-pyrazole-3-carboxylate (EV-AQ7119-001, 30%, 240
mg, 0.29 mmol) was suspended in 2:2:1 THF/water/metha-
nol (10 mL) and 2.5M aq NaOH (1.7 mL) was added. The
reaction mixture was stirred at r.t. for 25 mins. The organics
from the reaction mixture were removed in vacuo. The
residue was acidified with 2M aq HCI solution and the
resulting precipitate was collected and dried under vacuum
filtration to afford the title compound (55 mg, 86.1%) as a
beige powder:

[0501] Method A: LC-MS: m/z=+221.0 (M+H)+; RT=0.
78.

Step 3: Synthesis of 2-methyl-6-{3-[4-(trifluorom-
ethyl)piperidine-1-carbonyl]-1H-pyrazol-1-y1}-3,4-
dihydropyrimidin-4-one

[0502]

Q-437, EV-AQ7121-003

[0503] To a solution of 1-(2-methyl-6-0x0-1,6-dihydropy-
rimidin-4-yl)-1H-pyrazole-3-carboxylic acid (EV-AQ7123-
001 75 mg, 0.34 mmol) in THF (2 mL) was added DIPEA
(0.20 mL, 1.19 mmol) and T3P 50% in EtOAc (0.40 mL,
0.68 mmol). The reaction mixture was stirred at r.t. for 10
mins and 4-(trifluoromethyl)piperidin-1-ium. HCI (77.5 mg,
0.41 mmol) was added before stirring for a further 14 h. The
reaction mixture concentrated in vacuo and the crude residue
partitioned between water (1 mL) and DCM (5 mL). The
organic phase was extracted, washed with saturated
NaHCO; solution (1 ml), water (1 mL) and brine solution (5
ml) and dried over Na,SO, and concentrated in vacuo. The
crude residue was purified by Prep HPLC (method G) to
afford the title compound (43.2 mg, 35.7%) as an off white
powder.

[0504]
32 min.

Method C: LC-MS: m/z=+356.2 (M+H)+; RT=2.

Intermediate 44 Synthesis of 1-(4-methyl-6-oxo0-1,
6-dihydropyrimidin-2-yL.)-1H-pyrazole-3-carboxylic
acid

[0505]

H;C N N7

S OH

Step 1: Synthesis of 2-chloro-4-[(4-methoxyphe-
nyl.)methoxy]-6-methylpyrimidine

[0506]
(EV-AP2317-001)

HiC

3 \O

@)
)

)\
HiC N Cl
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[0507] To a stirred solution of (4-methoxyphenyl.)metha-
nol (3.39 g, 3.05 mL, 24.5 mmol) in THF (40 mL) at 0° C.
was added NaH (60% in oil, 1.47 g, 36.8 mmol). After 1 h,
a solution of 2,4-dichloro-6-methylpyrimidine (4.0 g, 24.5
mmol) in THF (15 mL) was added dropwise and stirred at
0° C. to r.t. overnight. The reaction mixture was quenched by
the addition of saturated aq NH,CI solution (40 mL) and
extracted with EtOAc (3x75 mL). The combined organic
fractions were washed with brine solution (40 mL), dried
over Na,SO, and concentrated in vacuo. The resulting
residue was purified via chromatography on SiO,, eluent
Heptane/EtOAc (gradient 100:0-75:25), to afford the title
compound (2.37 g, 36%) as a colourless crystalline solid.

[0508] Method A: LC-MS m/z=256.0 [M+H]*; RT=1.39
min.

Step 2: Synthesis of ethyl-1-{4-[(4-methoxyphe-
nyL)methoxy]-6-methylpyrimidin-2-yl1}-1H-pyra-
zole-3-carboxylate

[0509]
(EV-AP2331-001)
H;C
3 \O
(@)
]
(6]
)\
H;C N W
6]
T /\CH3
[0510] To a stirred solution of ethyl-1H-pyrazole-5-car-

boxylate (0.945 g, 6.74 mmol) in THF (65 mL) at 0° C. was
added NaH (60%, 290 mg, 7.25 mmol) and stirred at 0° C.
for 30 mins. 2-chloro-4-[(4-methoxyphenyl )methoxy]-6-
methylpyrimidine (1.70 g, 6.42 mmol) was then added and
the reaction mixture stirred at reflux for 4 days. The cooled
reaction mixture was quenched with saturated NH,Cl aque-
ous solution (40 mL) and extracted with EtOAc (2x40 mL).
The combined organic fractions were dried (Na,SO,), con-
centrated in vacuo and purified via chromatography on SiO,,
eluting with Heptane/EtOAc (gradient 100:0-70:30) to
afford the title compound (1.23 g, 52%) as a colourless
powder.

[0511] Method A: LC-MS m/z=369.1 [M+H]*; RT=1.43
min.

Apr. 6,2017

Step 3: Synthesis of ethyl-1-(4-methyl-6-0xo0-1,6-
dihydropyrimidin-2-yL)-1H-pyrazole-3-carboxylate
[0512]

(EV-AP2334-001)

| NH
A f
H;C N/ N/N\
e, O/\

CH;

[0513] To a stirred solution of ethyl-1-{4-[(4-methoxy-
phenyl )methoxy]-6-methylpyrimidin-2-y1}-1H-pyrazole-
3-carboxylate (1.06 g, 2.73 mmol) in EtOAc (25 mL) was
added Pd on carbon (10%, 100 mg) and the solution exposed
to an atmosphere of H, (g) overnight. The solution was
filtered through celite, washing with EtOAc, the filtrate
concentrated in vacuo and the residue purified via chroma-
tography, eluting with Heptane/EtOAc (gradient 100:0-20:
80) to afford the title compound (400 mg, 59%) as a
colourless powder.

[0514] Method A: LC-MS m/z=249.0 [M+H]*; RT=1.01
min.

Step 4: Synthesis of 1-(4-methyl-6-ox0-1,6-dihy-
dropyrimidin-2-yl.)-1H-pyrazole-3-carboxylic acid
[0515]

(EV-AP2335-001)

H;C N N7

~ oH

[0516] To a stirred solution of ethyl-1-(4-methyl-6-oxo-1,
6-dihydropyrimidin-2-yL.)-1H-pyrazole-3-carboxylate (386
mg, 1.56 mmol) in 2:1 THF/methanol (8 mL.) was added 3M
aqueous NaOH solution (3.1 mL) and the reaction mixture
was stirred at r.t. for 2 h. The organics were removed in
vacuo, the residue acidified to pH 4/5 with 2M aqueous HCl
solution and extracted with EtOAc (3x20 mL). The com-
bined organics were dried over Na,SO, and concentrated in
vacuo to afford the title compound (337 mg, 98%) as a
colourless powder.

[0517] Method A: LC-MS m/z=220.9 [M+H]*; RT=0.79
min.

Examples 189-190

[0518] The examples in Table 14 were prepared by cou-
pling intermediate 44 with the appropriate amine using
COMU as the coupling agent.
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TABLE 14
LC-MS MS
Example Ref. (RT) M + H)*
No. No. LBN Structure Method C  Method C
189  Q-376 EV-AP2337-001 O 2.63 322.2
| NH
)\ O
H;C N I\\:N>_<
—
N
190  Q-377 EV-AP2338-001 O 2.84 336.2
| NH
F (0]
H;C N I\\:N>_<
—
N
H;C

BExample 191—7-{4-[4-(trifluvoromethyl)piperidine-
1-carbonyl]-1H-pyrazol-1-y1}-5H,6H-imidazo[ 1,2-¢]
pyrimidin-5-one

[0519]

N

C&NE/Z
\ N

Step 1: Synthesis of 7-chloro-5-(methylsulfanyl.)
imidazo[1,2-c]pyrimidine hydrochloride

[0520]
(EV-AQ8808-001)

CH;
s

N)\N HCl

[0521] To a stirred solution of 6-chloro-2-(methylsulfa-
nyL)pyrimidin-4-amine (1.5 g, 8.54 mmol) in dioxane (4
ml) was added chloroacetaldehyde (50%, 1.63 mlL, 12.8
mmol) and stirred at 95° C. overnight. The reaction mixture
was cooled in an ice bath and the resulting precipitate
filtered and washed with dioxane to afford the title com-
pound (1.41 g, 70%) as a colourless powder.

[0522] Method A: LC-MS m/z=199.8 [M+H]*; RT=0.93
min

Step 2: Synthesis of
7-chloro-5H,6H-imidazo[1,2-c]pyrimidin-5-one

[0523]

(EV-AQ8809-001)
0
{\ N)I\NH
&K)\
N

a

Cl

[0524] To a stirred solution of methyl 7-chloro-5-(meth-
ylsulfanyl.)imidazo[1,2-c]pyrimidine hydrochloride (EV-
AQ8808-001, 1.32 g, 5.59 mmol) in methanol (4 mL.) was
added 2M aqueous KOH solution (10 mL, 20 mmol) and
stirred at reflux overnight. The solution was cooled to r.t. and
acidified to pH 5/6 using SM aq HCI solution. The resulting
precipitate was isolated via vacuum filtration to afford the
title compound (704 mg, 74%) as a tan powder.

[0525] Method A: LC-MS m/z=169.9 [M+H]*; RT=0.23
min
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Step 3: 7-{4-[4-(trifluoromethyl)piperidine-1-carbo-
nyl]-1H-pyrazol-1-y1}-5H,6H-imidazo[1,2-¢]pyrimi-
din-5-one

[0526]

Q-452 (EV-AQ8822-001)

[0527] To a stirred solution of 7-chloro-5H,6H-imidazo[1,
2-c]pyrimidin-5-one (EV-AQ8809-001,100 mg, 0.59 mmol)
and cesium carbonate (288 mg, 0.89 mmol) in DMF (3 mL)
was added 1-(1H-pyrazole-4-carbonyl.)-4-(trifluorom-
ethyl)piperidine (intermediate 29, EV-AQ8818-001,175
mg, 0.71 mmol) and the reaction was stirred at 70° C. for 2
h and 100° C. for 3 h. Copper iodide (22 mg, 0.12 mmol) and
L-proline (27 mg, 0.24 mmol) were added the reaction
heated at 100° C. overnight. The reaction was transferred to
the microwave at heated at 150° C. for 6 hours. The reaction
was cooled to r.t., concentrated in vacuo and purified via
PREP-HPLC (Method G) to yield the title compound (70
mg, 31%) as a colourless powder.

[0528] Method C: LC-MS m/z=379.2 [M+H]*; RT=2.00
min.

Example 192—Preparation of 2-chloro-7-fluoro-3H,
4H-pyrrolo[2,1-f][1,2,4]triazin-4-one

[0529] QQ-525 (EV-AS3703-002)

Apr. 6,2017
Step 1: Synthesis of 2-chloro-7-fluoro-3H,4H-pyr-
rolo[2,1-f][1,2,4]triazin-4-one
[0530]

(EV-AS3703-002)

[0531] To a solution of 2,4-dichloro-7-fluoropyrrolo|2,1-
f][1,2,4]triazine (WO2011/88045 A1, 2011) (446 mg, 2.16
mmol) in THF (20 ml) was added 5M aq NaOH solution
(2.16 ml, 10.82 mmol) and stirred at rt. for 22 h. The
reaction mixture was concentrated in vacuo and the residue
acidified to pH 5 using 2M aq HCl solution. The resulting
precipitate was collected under vacuum filtration, washing
with diethyl ether, to afford the title compound (283 mg,
35%) as an off-white powder.

[0532] Method B: LC-MS m/z=187.9 [M+H]*; RT=0.86
min.

Step 2: Synthesis of 7-fluoro-2-{4-[4-(trifluorom-
ethyl)piperidine-1-carbonyl]-1H-pyrazol-1-y1}-3H,
4H-pyrrolo|2,1-f][1,2,4]triazin-4-one

[0533]

Q-525 (EV-AS3703-002)
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[0534] The title compound was prepared in an analogous
manner to Example 191 using 2-chloro-7-fluoro-3H,4H-
pyrrolo[2,1-f][1,2,4]triazin-4-one (140 mg, 0.75 mmol) and
puritying by preparative HPL.C [method G] to give 7-fluoro-
2-{4-[4-(trifluoromethyl)piperidine-1-carbonyl]-1H-pyra-
zol-1-y1}-3H,4H-pyrrolo[2,1-f][1,2,4]triazin-4-one one (42
mg, 14%) as an off white powder.

[0535] Method C: LC-MS m/z=398.0 [M+H]"; RT=2.82
min.

BExample 193—Preparation of 2-{4-[4-(trifluorom-
ethyl)piperidine-1-carbonyl]-1H-pyrazol-1-y1}-3H,
4H,5H,6H,7H-cyclopenta|d|pyrimidin-4-one
(Q-526, EV-AR5391-002)

Step 1: Synthesis of 2-chloro-3H,4H,5H,6H,7H-
cyclopenta[d]pyrimidin-4-one

[0536]
(EV-AR5385-002)
O
| NH
P
N ClL
[0537] To a solution of 2.,4-dichloro-5H,6H,7H-cyclo-

penta[d]|pyrimidine (3 g, 15.87 mmol) in THF (15 mL) was
added 6M aq NaOH solution (10 eq, 26.45 ml) and the
reaction stirred at 50° C. for 48 h. The reaction mixture was
concentrated in vacuo to remove the organic solvent. The
resulting aqueous solution was acidified to pH 4 with 5M aq
HCI solution and extracted with EtOAc (2x50 ml), dried
over sodium sulfate and concentrated in vacuo to afford the
title compound (2.09 g, 75%) as a pale orange powder.

[0538] Method B: LC-MS m/z=170.9 [M+H]*; RT=0.68
min.

Apr. 6,2017

Step 2: Synthesis of 2-{4-[4-(trifluoromethyl)piperi-
dine-1-carbonyl]-1H-pyrazol-1-y1}-3H,4H,5H,6H,
7H-cyclopenta[d]pyrimidin-4-one

[0539]
(EV-ARS5391-002)
(@]
| NH
N/ N P
| }—{
N
N
F
F F
[0540] To a solution of 2-chloro-3H,4H,5H,6H,7H-cyclo-

penta[d]|pyrimidin-4-one (EV-ARS5385-002, 200 mg, 1.17
mmol) in DMF (2 ml) was added 1-(1H-pyrazole-4-carbo-
nyl)-4-(triftuvoromethyl)piperidine (EV-AQ8818-001, 319
mg, 1.29 mmol), caesium carbonate (573 mg, 1.76 mmol),
L-proline (54 mg, 0.47 mmol) and copper (I) iodide (45 mg,
0.23 mmol). The reaction mixture was then de-gassed and
stirred at 120° C. for 20 h. The reaction mixture was
concentrated in vacuo and then a 0.2M aq solution of EDTA
(20 ml) and DCM (30 ml) were added and the mixture
stirred at r.t. for 4 h. The organic phase was separated and the
aqueous phase extracted with DCM (20 ml). The combined
organic extracts were washed with water (10 ml), dried over
sodium sulfate and concentrated in vacuo. Purification by
PREP-HPLC (Method G) afforded the title compound (140
mg, 31%) as a beige powder.

[0541] Method C: LC-MS m/z=382.1 [M+H]*; RT=2.51
min

Example 194

[0542] The example in Table 15 was prepared by the
procedure described in Example 192, starting instead with
2,4-dichlorothieno|3,2-d]pyrimidine.

TABLE 15
LC-MS MS
Example Ref. (RT) M + H)*
No No. LBN Structure Method C  Method C
194  Q-517 EV-ARS5376-002 O 2.67 397.1
NH

N N P
o~
N N
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BExample 195—Preparation of 2-{4-[4-(trifluorom-
ethyl)piperidine-1-carbonyl]-1H-pyrazol-1-y1}-3H,
4H,5H,7H-furo[3,4-d|pyrimidin-4-one (Q-453,
EV-AQ8825-001)

Step 1: Synthesis of
2-chloro-3H,4H,5H,7H-furo[3,4-d|pyrimidin-4-one

[0543]
(EV-AQ8821-001)
O
NH
> | )\
=

N Cl

[0544] To a stirred solution of 2,4-dichloro-5H,7H-furo[3,

4-d|pyrimidine (EV-AQ8821-001, 1 g, 5.24 mmol) in THF
(10 mL) was added 1M aq NaOH solution (10.5 mL, 10.5
mmol) and stirred at r.t. overnight. The solution was acidi-
fied to pH 4/5 with acetic acid and extracted with DCM
(3x30 mL). The combined organic extracts were dried over
MgSO, and concentrated in vacuo to afford the title com-
pound (890 mg, 99%) as an orange powder.

[0545] 1H NMR (500 MHz, DMSO-d6) & 4.88 (, J=3.3
Hz, 2H), 4.81 (t, ]=3.3 Hz, 2H).

Step 2: Synthesis of 2-{4-[4-(trifluoromethyL.)pip-
eridine-1-carbonyl]-1H-pyrazol-1-y1}-3H,4H,5H,
7H-furo[3,4-d|pyrimidin-4-one

[0546]
Q-453 (EV-AQ8825-001)
O
| NH
(0]
N/I\N /
| }/(
Nas. N
F
F F
[0547] To a stirred solution of 7-chloro-5H,6H-imidazo[1,

2-c]pyrimidin-5-one (EV-AQ8821-001,100 mg, 0.58 mmol)
and caesium carbonate (283 mg, 0.87 mmol) in DMF (3 mL)
was added 1-(1H-pyrazole-4-carbonyl.)-4-(trifluorom-
ethyl)piperidine (Intermediate V, EV-AQ8818-001,143 mg,
0.58 mmol) and stirred under microwave conditions at 120°
C. for 5 h. The reaction was cooled to r.t., concentrated in
vacuo and purified via PREP-HPLC (Method G) to afford
(59 mg, 27%) as a colourless powder.

[0548] Method C: LC-MS m/z=382.2 [M-H]*; RT=2.28
min

374
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Example 196—Preparation of 6-methyl-2-[3-(1,2,3,
4-tetrahydroisoquinoline-2-carbonyl)-1H-pyrazol-1-
yl]-3,4-dihydropyrimidin-4-one (Q-308,
EV-AN7470-001)

Step 1: Synthesis of 4-[(4-methoxyphenyl)
methoxy]-6-methyl-2-(methylsulfanyl)pyrimidine

[0549]

(EV-AN0086-002)
0

| SN 0
)\ CH;
HC N s

[0550] To solution of 6-methyl-2-(methylsulfanyl)-3,4-di-
hydropyrimidin-4-one Intermediate 1 Step 1 (EV-AO5743-
001, 7 g, 44.8 mmol) in water (50 ml) and dioxane (100 ml)
was added NaOH (2.15 g, 53.8 mmol) followed by 1-(chlo-
romethyl)-4-methoxybenzene (8.42 g, 53.8 mmol) and
stirred at 50° C. for 1 h. The reaction mixture was cooled to
r.t. and the resultant precipitate filtered under vacuum and
purified by chromatography on SiO,, eluting with Heptane/
EtOAc (gradient 100:0-0:100) to afford the title compound
(1.54 g, 11.4%) as an oil.

[0551] Method A: LC-MS: m/z=+277.0 (M+H)+; RT=1.
40 min.

_CH;

Step 2: Synthesis of 2-methanesulfonyl-4-[(4-
methoxyphenyl)methoxy|-6-methylpyrimidine

[0552]
(EV-A05710-002)
O
| \N o /CH3
(0]
HiC N)\S//
’ 4 e
(6]

[0553] To a solution of 4-[(4-methoxyphenyl)methoxy]-

6-methyl-2-(methylsulfanyl)pyrimidine (EV-AN0086-002,
1.5 g, 5.43 mmol) in DCM (15 mL) under nitrogen at 0° C.
was added mCPBA (75%, 2.50 g, 10.86 mmol) and stirred
at r.t. for 1 h. The reaction was diluted with chloroform (50
ml.) and more mCPBA (200 mg, 0.87 mmol) was added and
the reaction stirred at r.t. for a further 1 h. The reaction was
quenched by addition of 0.5M aq sodium thiosulfate solu-
tion (20 mL). The organic layer was extracted and washed
with saturated NaHCO; solution (3x20 mlL), dried over
Na,SO, and concentrated in vacuo to afford the title com-
pound (1.64 g, 104%) as a pale yellow oil.

[0554] Method A: LC-MS: m/z=+331.1 (M+Na)+, RT=1.
23 min.
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Step 3: Synthesis of ethyl 1-{4-[(4-methoxyphenyl)
methoxy]-6-methylpyrimidin-2-yl}-1H-pyrazole-3-

carboxylate
[0555]
(EV-AN7465-001)
O
| \N o /CH3
(6]
A
H,C N W
6]
T /\CH3
[0556] To a solution of ethyl 1H-pyrazole-5-carboxylate

(95.44 mg, 0.68 mmol) in DMF (5 mL) at 0° C. was added
NaH (60% in oil, 31.13 mg, 0.78 mmol) and stirred at 0°
C.—r.t. for 30 mins. 2-methanesulfonyl-4-[(4-methoxyphe-
nyl)methoxy]|-6-methylpyrimidine (EV-A05710-002, 200
mg, 0.65 mmol) in DMF (5 mL) was added and the reaction
mixture stirred at r.t. for 1.5 h. The reaction mixture was
quenched by the addition of water (10 mL) and extracted
with EtOAc (3x15 mL). The combined organic fractions
were washed with water (3x10 mL), brine solution (10 mL),
dried over Na,SO,, and concentrated in vacuo. Purification
by chromatography on SiO, eluting with Heptane/EtOAc
(gradient 100:0-0:100) to afford the title compound (154 mg,
62.5%) as a clear oil.

[0557] Method A: LC-MS: m/z=391.1 (M+Na)+; RT=1.
43,

Step 4: Intermediate 46 Synthesis of 1-{4-[(4-
methoxyphenyl)methoxy]-6-methylpyrimidin-2-y1}-
1H-pyrazole-3-carboxylic acid

[0558]

(EV-AN7466-001)

(@)
| \ N o /CH3
(6]
)\
H;C N N~ N\
~ OH

[0559] Ethyl 1-{4-[(4-methoxyphenyl)methoxy]-6-meth-

ylpyrimidin-2-y1}-1H-pyrazole-3-carboxylate (EV-
AN7466-001, 125 mg, 0.34 mmol) was suspended in 2:2:1
THEF/water/methanol (7.5 mL) and 2.5M aq NaOH solution
(0.81 mL) was added. The reaction mixture was stirred at r.t.
for 30 mins. The organics were removed in vacuo and the
aqueous solution acidified with 2M aq HCI solution. The
resultant precipitate was collected and dried under vacuum
filtration. The filtrate was then extracted with EtOAc (2x10
ml) and the combined extracts dried over Na,SO,, concen-
trated in vacuo and combined with the precipitate to afford
the title compound (115 mg, 93.6%) as an off white powder.
[0560] Method A: LC-MS: m/z=363.1 (M+Na)+; RT=1.24
min.
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Step 5: Synthesis of 2-(1-{4-[(4-methoxyphenyl)
methoxy]-6-methylpyrimidin-2-yl1}-1H-pyrazole-3-
carbonyl)-1,2,3.4-tetrahydroisoquinoline
[0561]

(EV-AN7468-001)

O
| \N O/CH3
(6]
)\
H;C N NN
~ N
[0562] To a solution of 1-{4-[(4-methoxyphenyl)

methoxy]-6-methylpyrimidin-2-yl1}-1H-pyrazole-3-carbox-
ylic acid (EV-AN7466-001, 115 mg, 0.34 mmol) in DMF
(1.5 mL) was added COMU (159.18 mg, 0.37 mmol),
DIPEA (0.14 mL, 0.84 mmol) and 1,2,3,4-tetrahydroisoqui-
noline (0.05 mL, 0.37 mmol) and stirred at r.t. overnight. To
the reaction mixture was added ice water and extracted with
EtOAc (2x5 mL). The combined organic extracts were
washed with saturated NaHCO; solution (5 mL), brine
solution (5 mL), dried over Na,SO, and concentrated in
vacuo. Purification by chromatography on SiO,, eluting
with Heptane/EtOAc (gradient 100:0-0:100), afforded the
title compound (119 mg, 70.4%) as an opaque gum.
[0563] Method A: LC-MS: m/z=+456.0 (M+H)+; RT=1.
52 min.

Step 6: Synthesis of 6-methyl-2-[3-(1,2,3,4-tetrahy-
droisoquinoline-2-carbonyl)-1H-pyrazol-1-yl]-3,4-
dihydropyrimidin-4-one

[0564]
Q-308, EV-AN7470-001
(€]
| NH
(6]
H;C N/ N/N

. N

[0565] To a solution of 2-(1-{4-[(4-methoxyphenyl)

methoxy]-6-methylpyrimidin-2-y1}-1H-pyrazole-3-carbo-
nyl)-1,2,3.4-tetrahydroisoquinoline (EV-AN7468-001, 89
mg, 0.2 mmol) in DCM (2 mL) was added TFA (0.16 mL)
and stirred at r.t. for 2 h. The reaction mixture was concen-
trated in vacuo, re-dissolved in DCM, washed with saturated
NaHCO; solution, dried over Na,SO, and concentrated in
vacuo. Purification by PREP-HPL.C (Method G) method)
followed by a free base with saturated NaHCO; solution
afforded the title compound (35.7 mg, 54.5%) as an off white
solid.
[0566]
50.

Method A: LC-MS: m/z=+336.1 (M+H)+; RT=2.
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Examples 197-198
[0567] The examples in Table 16 were made in an analo-
gous manner to example 197 coupling Intermediate 46 with
the appropriate amine followed by deprotection.
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TABLE 16
LC-MS MS
Example Ref. (RT) M + H)*
No Route No. LBN Structure Method C  Method C
197 5a  Q-343 EV-AN7493-001 O 1.48 290.1
| NH
i N o]
T
N‘>
<—O
198 5a  Q-333 EV-AN7492-001 O 2.24 288.1
| NH
P
H;C N

—~N O
X
S HN@

BExample 199—2-{3,5-dimethyl-4-[2-0x0-2-(pyrroli-
din-1-yl)ethyl]-1H-pyrazol-1-y1} -6-methyl-3,4-dihy-
dropyrimidin-4-one EV-AN7461-001

[0568]
Q-301
(€]
NH
| CH;
/I\
H;C N N
| NG
Naxy
cn,  ©

[0569] The title compound (20.1 mg, 25.6%) was prepared

in an analogous manner to Example 196, reacting ethyl
2-(3,5-dimethyl-1H-pyrazol-4-yl)acetate with Example 196
step 2 using HATU for the coupling with pyrrolidine.

[0570] Method C: LC-MS: m/z=316.2 (M+H)+; RT=2.05
min.

Example 200—Preparation of 6-methyl-2-[5-
methyl-3-(1,2,3,4-tetrahydroisoquinoline-2-carbo-
nyl)-1H-pyrazol-1-yl]-3,4-dihydropyrimidin-4-one

(Q-365, EV-AQ7568-002)

[0571]
0
| NH
0
)\ N
HsC N N~ N\
. N
H;C

Step 1: Synthesis of ethyl-1-{4-[(4-methoxyphenyl)
methoxy]-6-methylpyrimidin-2-y1}-5-methyl-1H-
pyrazole-3-carboxylate

[0572]
(EV-A07559-002)
0
o) | SN
0
CH3 /k N
H;C N N N\
S O/\
H;C CH;
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[0573] To a solution of 2-methanesulfonyl-4-[(4-methoxy-
phenyl)methoxy|-6-methylpyrimidine (Example 196 Step 2,
500 mg, 1.622 mmol) in DMF (10 mL) at 0° C. was added
NaH (60% in oil) (60%, 78 mg, 1.946 mmol) and then ethyl
5-methyl-1H-pyrazole-3-carboxylate (275 mg, 1.784 mmol)
and the reaction mixture stirred at r.t. for 2 h. The reaction
mixture was quenched by the addition of water (10 mL.) and
extracted with EtOAc (3x20 mL). The combined organic
extracts were washed with water (2x10 mL), brine solution
(10 mL), dried over Na,SO,, concentrated in vacuo and
purified via chromatography on SiO, (gradient 100:0-0:100,
Heptane-EtOAc), to afford the title compound (406 mg,
65%) as a colourless oil.

[0574] Method A: LC-MS m/z=383.1 [M+H]*; RT=1.45
min.

Step 2: Synthesis of 1-{4-[(4-methoxyphenyl)
methoxy]-6-methylpyrimidin-2-yl}-5-methyl-1H-
pyrazole-3-carboxylic acid

[0575]
(EV-A07561-001)
(6]
0 | AN
(6]
CH. )\
’ H;C N N/N\
~ oH
H,C
[0576] To a solution of ethyl 1-{4-[(4-methoxyphenyl)

methoxy]-6-methylpyrimidin-2-y1}-5-methyl-1H-pyrazole-
3-carboxylate (EV-A07559-002, 406 mg, 1.062 mmol) in
2:2:1 THF/water/methanol (25 ml.) was added 2.5M aque-
ous NaOH (2.55 ml) and the reaction mixture stirred at r.t.
overnight. The reaction mixture was concentrated in vacuo
and the residue acidified with 2M aq HCl solution to pH 6
to afford a white precipitate which was filtered and dried
under vacuum to give the title compound (340 mg, 90%) as
a white powder.

[0577] Method A: LC-MS m/z=377.0 [M+H]*; RT=1.26
min.

Step 3: Synthesis of 2-(1-{4-[(4-methoxyphenyl)
methoxy]-6-methylpyrimidin-2-yl}-5-methyl-1H-
pyrazole-3-carbonyl)-1,2,3 4-tetrahydroisoquinoline
[0578]

(EV-AO7563-002)

0
i B
0
CH; )\ N
H;C N N N\
. N
H;C

[0579] To a stirred solution of 5-methyl-1-(4-methyl-6-
ox0-1,6-dihydropyrimidin-2-yl)-1H-pyrazole-4-carboxylic
acid (EV-A07561-001, 150 mg, 0.423 mmol) in DMF (2
ml) were added COMU (199 mg, 0.466 mmol), DIPEA (181
pl, 1.058 mmol) and 1,2,3,4-tetrahydroisoquinoline (59 ul,
0.466 mmol). The resulting mixture was stirred at r.t. for 2
h. The reaction mixture was concentrated in vacuo to
remove the DMF and the crude residue redissolved in water
(50 ml). The reaction mixture was quenched by addition of
saturated sodium bicarbonate solution (20 ml) extracted with
DCM (3x100 ml). The combined organic extracts were dried
over sodium sulphate, concentrated in vacuo and purified via
chromatography on SiO, (gradient 100:0-0:100, Heptane-
EtOAc) to afford the title compound (152 mg, 61%) as a
yellow viscous oil.
[0580] Method A: LC-MS m/z=470.2 [M+H]*; RT=1.51
min.

Step 4: Synthesis of 6-methyl-2-[5-methyl-3-(1,2,3,

4-tetrahydroisoquinoline-2-carbonyl)-1H-pyrazol-1-

yl]-3,4-dihydropyrimidin-4-one

[0581]
Q-365 (EV-AO7568-002)
(€]
| NH
(6]
F
HsC N —N
~ N

H;C

[0582] 2-(1-{4-[(4-methoxyphenyl)methoxy]-6-methyl-

pyrimidin-2-y1}-5-methyl-1H-pyrazole-3-carbonyl)-1,2,3,
4-tetrahydroisoquinoline (EV-AO07563-002, 80%, 152 mg,
0.259 mmol) was dissolved in MeOH (10 mL) and subjected
to H-cube conditions (1 ml/min, 1 bar, 50° C., Full H2 mode)
over a Pd/C (10%) cat cartridge. The solvent was then
removed in vacuo and the residue purified by trituration
using MeCN to afford the title compound (61 mg, 67%) as
a white powder.

[0583] Method C: LC-MS m/z=350.2 [M+H]*; RT=2.81
min

Example 201—Synthesis of 6-methyl-2-[5-methyl-
3-(1,2,3,4-tetrahydroisoquinoline-2-carbonyl)-1H-
pyrazol-1-yl]-3,4-dihydropyrimidin-4-one
[0584]

Q-366

/ X

(EV-A07569-002)



US 2017/0096435 Al

[0585] The title compound was prepared analogously to
Example 200 using ethyl 4-methyl-1H-pyrazole-3-carboxy-
late in place of ethyl 5-methyl-1H-pyrazole-3-carboxylate.
[0586] Method C: LC-MS m/z=350.2 [M+H]*; RT=2.81
min.

BExample 203—Preparation of 2-{4-[4-(trifluorom-
ethyl)piperidine-1-carbonyl]-1H-pyrazol-1-y1}-3H,
4H-pyrrolo[2,11][1,2,4]triazin-4-one (Q-467,
EV-AQ3851-002)

Step 1: Synthesis of 2-methanesulfonyl-3H,4H-
pyrrolo[2,1-f][1,2,4]triazin-4-one

[0587]

= NH

A A

CH,
SN

S 7~
O// \\O

(EV-AQ3847-001)

[0588] To 2-(methylsulfanyl)-3H,4H-pyrrolo[2,1-1][1,2,4]
triazin-4-one (900 mg, 4.97 mmol) in AcOH (18 ml) was
added hydrogen peroxide (35%, 8.7 ml, 0.1 mol) and the
resultant suspension was stirred r.t. for 39 h, during which
time the suspension dissolved and a precipitate formed. The
precipitate was collected by vacuum filtration, washed with
water followed by ether to afford the title compound (950
mg, 88%) as a white solid.

[0589] Method B: LC-MS m/z=213.9 [M+H]*; RT=0.73
min.

Step 2: Synthesis of 2-{4-[4-(trifluoromethyl)piperi-
dine-1-carbonyl]-1H-pyrazol-1-yl}-3H,4H-pyrrolo
[2,1-f][1,2,4]triazin-4-one

[0590]

(EV-AQ3851-002)

[0591] 1-(1H-pyrazole-4-carbonyl)-4-(triffuoromethyl)pi-
peridine (EV-AQ3840-001, 243.49 mg, 0.98 mmol) was
added to a solution of 2-methanesulfonyl-3H,4H-pyrrolo[2,
1-f][1,2,4]triazin-4-one (200 mg, 0.94 mmol) and caesium
carbonate (458.44 mg, 1.41 mmol) in DMF (4 ml) and
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stirred under microwave conditions at 175° C. for 9 h. The
reaction mixture was concentrated in vacuo, redissolved in
water and extracted with EtOAc (x2). The combined organic
extracts were washed with brine, dried over MgSO, and
concentrated in vacuo to afford a clear gum. Purification by
PREP-HPLC afforded the title compound (37 mg, 10%) as
a white solid. Meanwhile a solid had precipitated from the
aqueous, the solid was collected under vacuum filtration,
washed with water followed by ether and dried under
vacuum overnight to afford a further batch of the title
compound (113 mg, 32%) as a white solid.

[0592] Method C: LC-MS m/z=380.0 [M+H]*; RT=2.66
min.

BExample 204—Preparation of 6-methyl-2-{1-[3-
0x0-3-(1,2,3,4-tetrahydroisoquinolin-2-yl)propyl]-
1H-pyrazol-4-yl}-3 4-dihydropyrimidin-4-one
(Q-291, EV-AN7447-001) and Example 205—4-
methyl-6-{1-[3-0x0-3-(1,2,3,4-tetrahydroisoquino-
lin-2-yl)propyl]-1H-pyrazol-4-y1}-1,2-dihydropy-
rimidin-2-one (Q-292, EV-AN7447-002)

[0593]
o]
| NH
H;C N/ Ny
\ /
N
\_>7N
O
o]
I\iJJ\NH
H;C A Ny

P

Step 1: Synthesis of ethyl 3-[3,5-dimethyl-4-(te-
tramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-yl1]

propanoate
[0594]
H;C  CHj
CH;
H;C (l) o /
N~
N O
S

(EV-AN7436-002)
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[0595] To a solution of pyrazole-4-boronic acid pinacol
ester (500 mg, 2.58 mmol) in acetonitrile (10 mL) was added
ethyl acrylate (0.42 mL, 3.87 mmol), followed by DBU
(0.39 mL, 2.58 mmol) and stirred at rt. for 15.5 h. The
reaction mixture was concentrated in vacuo and purified by
chromatography on SiO,, eluting with Heptane/EtOAc (gra-
dient 100:0-0:100) to afford the title compound (310 mg,
38%) as a clear oil.

[0596]
25 min.

Method A: LC-MS: m/z=+295.0 (M+H)+; RT=1.

Step 2: Synthesis of 2-chloro-4-methyl-6-[2-(trim-
ethylsilyl)ethoxy|pyrimidine and 4-chloro-6-methyl-
2-[2-(trimethylsilyl)ethoxy|pyrimidine

[0597]
H;C
\ _CH
Si
0 N
CH;
]
)\
H,C N Cl
Cl
Sy H;C
(A D
P Si
H;C N 0 N\
CH;
(EV-AN7439-004)
[0598] To a stirred solution of 2-(trimethylsilyl)ethanol

(3.5 mL) in THF (7 mL) at 0° C. was added NaH (60% in
oil, 490.74 mg, 12.27 mmol). The reaction mixture was
warmed to r.t. over 15 mins and then cooled again to 0° C.
To the reaction mixture was added 2,4-dichloro-6-methyl-
pyrimidine (2 g, 12.27 mmol) in THF (8 mL) and stirred at
0° C. for 1.5 h. The reaction mixture was quenched by the
addition of saturated NH,Cl aqueous solution (10 mL) and
extracted with EtOAc (3x25 mL). The combined organic
extracts were washed with brine solution (10 mL), dried
over Na,SO, and concentrated in vacuo. Purification by
chromatography on SiO,, eluting with Heptane/EtOAc (gra-
dient 100:0-50:50) to afford the title compound (2.21 g,
72.2%, 2.7:1 mixture of regioisomers) as a white solid.

[0599] Method A: LC-MS: m/z=216.9, 218.9 (M+H)+;
RT=1.62 min.
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Step 3: Synthesis of ethyl 3-(4-{4-methyl-6-[2-
(trimethylsilyl)ethoxy]pyrimidin-2-y1}-1H-pyrazol-
1-yl)propanoate and ethyl 3-(4-{6-methyl-2-[2-
(trimethylsilyl)ethoxy]pyrimidin-4-y1}-1H-pyrazol-
1-yD)propanoate

[0600]

0 \—CH3

(EV-AN7442-001)

[0601] To a solution of 2-chloro-4-methyl-6-[2-(trimeth-
ylsilyl)ethoxy|pyrimidine (EV-AN7439-004,185 mg as a
mixture of regioisomers, 0.76 mmol), ethyl 3-[4-(tetram-
ethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-yl|propanoate
(EV-AN7436-002, 93%, 358.56 mg, 1.13 mmol) and CsF
(172.2 mg, 1.13 mmol) in DME, ethanol (2:1, 7.5 mL) was
added Pd(PPh;), (87.33 mg, 0.08 mmol) and stirred under
microwave conditions at 120° C. for 15 mins. The reaction
mixture was cooled to r.t. and water (10 mL) and EtOAc (15
ml.) were added. The organic fraction was extracted and the
aqueous phase re-extracted with more EtOAc (2x5 mL). The
combined organics were washed with brine solution (5 mL),
dried over Na,SO, and concentrated in vacuo. Purification
by chromatography on SiO, eluting with Heptane/EtOAc
(gradient 100:0-0:100) to afford the title compound (285 mg,
81.1%, 2:1 mixture of regioisomers) as a clear oil.

[0602] Method A: LC-MS: m/z=+377.2 (M+H)+; RT=1.
45 min.
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Step 4: Synthesis 3-(4-{4-methyl-6-[2-(trimethylsi-
lyl)ethoxypyrimidin-2-y1}-1H-pyrazol-1-yl)pro-
panoic acid and 3-(4-{6-methyl-2-[2-(trimethylsilyl)
ethoxy|pyrimidin-4-y1}-1H-pyrazol-1-yl)propanoic
acid

[0603]

OH

2/

OH

(EV-AN7445-001)

[0604] Ethyl 3-(4-{4-methyl-6-[2-(trimethylsilyl)ethoxy]
pyrimidin-2-yl1}-1H-pyrazol-1-yl)propanoate (EV-AN7442-
001, 285 mg (as a mixture of regioisomers), 0.76 mmol) was
suspended in 2:2:1 THF/water/methanol (12.5 mL) and
sodium hydroxide (147.13 mg, 3.68 mmol) was added. The
reaction mixture was stirred at r.t. for 1 h. The organics were
removed in vacuo and the aqueous solution acidified with
2M aq HCI solution and extracted with EtOAc (2x10 mL).
The combined organics were dried over Na,SO, and con-
centrated in vacuo to afford the title compound (239 mg,
94%, 2:1 mixture of regioisomers) as a colourless oil.

[0605]
27 min.

Method A: LC-MS: m/z=+349.2 (M+H)+; RT=1.
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Step 5: Synthesis of 3-(4-{4-methyl-6-[2-(trimethyl-
silyl)ethoxy|pyrimidin-2-y1}-1H-pyrazol-1-y1)-1-(1,
2,3, 4-tetrahydroisoquinolin-2-yl)propan-1-one and
3-(4-{6-methyl-2-[2-(trimethylsilyl)ethoxy |pyrimi-
din-4-yl1}-1H-pyrazol-1-y1)-1-(1,2,3 4-tetrahydroiso-
quinolin-2-yl)propan-1-one

[0606]

H;C

(EV-AN7446-001)

[0607] To a solution of 3-(4-{4-methyl-6-[2-(trimethylsi-
lyl)ethoxy]pyrimidin-2-y1}-1H-pyrazol-1-yl)propanoic acid
(EV-AN7445-001, 120 mg (as a mixture of regioisomers),
0.29 mmol) in DMF (4 ml) was added TBTU (278.63 mg,
0.87 mmol), DIPEA (0.12 mL, 0.72 mmol) and 1,2,3,4-
tetrahydroisoquinoline (0.06 mL., 0.43 mmol) and stirred at
r.t. for 15 h. To the reaction mixture was added ice water and
extracted with EtOAc (2x5 mL). The combined organic
extracts were washed with brine (5 mL), dried over Na,SO,
and concentrated in vacuo to afford the title compound (162
mg, 87%, as a mixture of regioisomers) as a colourless oil.

[0608] Method: LC-MS: m/z=+464.2 (M+H)+; RT=1.47
min.
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Step 6: Synthesis of 6-methyl-2-{1-[3-0x0-3-(1,2,3,
4-tetrahydroisoquinolin-2-yl)propyl|-1H-pyrazol-4-
yl}-3,4-dihydropyrimidin-4-one (Q-291,
BV-AN7447-001) and 4-methyl-6-{1-[3-0x0-3-(1,2,
3,4-tetrahydroisoquinolin-2-yl)propyl]-1H-pyrazol-
4-y1}-1,2-dihydropyrimidin-2-one

[0609]
o]
| NH
H;C N/ Ny
\ /
N
\_>7N
O
o]
Nl)kNH
F Ny

H;C \

P

[0610] 3-(4-{4-methyl-6-[2-(trimethylsilyl)ethoxy|py-
rimidin-2-y1}-1H-pyrazol-1-y1)-1-(1,2,3,4-tetrahydroisoqui-
nolin-2-yl)propan-1-one (EV-AN7446-001, 162 mg (as a
mixture of regioisomers), 0.25 mmol) was dissolved in
DCM (4 mL) and TFA (1 mL) was added. The reaction
mixture was stirred for 1.5 h and then concentrated in vacuo.
The crude residue was re-dissolved in DCM and washed
with saturated NaHCO; solution, dried over Na,SO, and
concentrated in vacuo afforded the title compounds as a
mixture of regioisomers.

[0611] Purification by PREP-HPL.C (Method G) afforded
the first eluting isomer 6-methyl-2-{1-[3-0x0-3-(1,2,3,4-
tetrahydroisoquinolin-2-yl)propyl]-1H-pyrazol-4-y1}-3,4-

dihydropyrimidin-4-one, Example 204 (Q-291,
EV-AN7447-001) (20.2 mg, 22.1%) as an off white powder.
[0612] Method C: LC-MS: m/z=364.2 (M+H)+; RT=2.02

[0613] The second eluting isomer 4-methyl-6-{1-[3-0xo-
3-(1,2,3 4-tetrahydroisoquinolin-2-yl)propyl]-1H-pyrazol-
4-y1}-1,2-dihydropyrimidin-2-one Example 205 (Q-292,
EV-AN7447-002) (12.2 mg, 12.5%) was isolated as a beige
powder.

Example 206—6-methyl-2-{1-[3-0x0-3-(pyrrolidin-
1-yl)propyl]-1H-pyrazol-4-y1}-3,4-dihydropyrimi-
din-4-one (Q-283, EV-AN7448-001)

[0614] The title compound was prepared in an analogous
manner to Example 204 provide the title compound (12.02
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mg, 16.6%). The regioisomer could not be obtained in
sufficient purity for testing.

[0615] Method C: LC-MS: m/z=302.1 (M+H)+; RT=1.40

BExample 207—2-{3,5-dimethyl-1-[3-0x0-3-(1,2,3,4-
tetrahydroisoquinolin-2-yl)propyl]-1H-pyrazol-4-
yl}-6-methyl-3,4-dihydropyrimidin-4-one

[0616]
Q-284
(€]
NH cn, N
F
H;C N = ﬂ
N (6]
~./
H:C N
[0617] The title compound was prepared in an analogous

fashion to Example 204 using 3,5-dimethyl-4-(tetramethyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazole in step 1 to provide
the title compound (21.9 mg, 38.5).

[0618] Method C: LC-MS: m/z=392.2 (M+H)+; RT=2.15

BExample 208—4-{3,5-dimethyl-1-[3-0x0-3-(1,2,3,4-
tetrahydroisoquinolin-2-yl)propyl]-1H-pyrazol-4-
yl}-6-methyl-1,2-dihydropyrimidin-2-one (Q-285,

EV-AN7453-002)

[0619] The title compound was prepared in an analogous
fashion to Example 204 using 3,5-dimethyl-4-(tetramethyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazole in step 1 to provide
the title compound (17.5 mg, 31.1).

[0620] Method C: LC-MS: m/z=392.2 (M+H)+; RT=1.82
min.

Example 209—2-{3,5-dimethyl-1-[3-0x0-3-(pyrroli-
din-1-yl)propyl]-1H-pyrazol-4-yl } -6-methyl-3 4-
dihydropyrimidin-4-one

[0621]

Q-306

H;C
(EV-AN7457-001)

[0622] The title compound (20.1 mg, 25.6%) was prepared
in an analogous manner to Example 208 coupling with
pyrrolidine.

[0623] Method C: LC-MS: m/z=330.2 (M+H)+; RT=1.57
min.
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BExample 210—Preparation of 4-methyl-6-{5-
methyl-4-[4-(trifluoromethyl)piperidine-1-carbonyl]-
1H-pyrazol-1-yl}-1,2-dihydropyridin-2-one (Q-439,
EV-AQ8815-001) and Example 211—4-methyl-6-
{3-methyl-4-[4-(trifluoromethyl )piperidine-1-carbo-
nyl]-1H-pyrazol-1-y1}-1,2-dihydropyridin-2-one
(Q-440, EV-AQ8815-002)

Step 1: Synthesis of 6-chloro-2-hydrazinylidene-4-
methyl-1,2-dihydropyridine

[0624]
Cl
Y
NH
H,C NN
(EV-AQ8803-001)
[0625] 2,6-dichloro-4-methylpyridine (102 mg, 0.63
ylpy £

mmol) was heated to ~110° C. in hydrazine hydrate (1 mL)
for 3 hours. The solution was cooled to 0° C. and water (3
ml) was added. The resulting precipitate was isolated via
filtration and washed with ice-cold water to yield 6-chloro-
2-hydrazinylidene-4-methyl-1,2-dihydropyridine (32 mg,
32%) as a pale yellow powder.

[0626] LC-MS m/z=157.9 [M+H]*; RT=0.42 min.

Step 2: Synthesis of 2-chloro-4-methyl-6-{5-
methyl-4-[4-(trifluoromethyl )piperidine-1-carbo-
nyl]-1H-pyrazol-1-yl}pyridine and 2-chloro-4-
methyl-6-{3-methyl-4-[4-(trifluoromethyl)
piperidine-1-carbonyl]-1H-pyrazol-1-yl}pyridine

[0627]
cl
Xy
| CH;
P O
H;C N

N
Nam
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(EV-AQ8810-001)

[0628] To a stirred solution of (2E)-2-[(dimethylamino)

methylidene]-1-[4-(trifluoromethyl.)piperidin-1-yl|butane-
1,3-dione (EV-AP2353-001, 927 mg, 3.17 mmol) in EtOH
(7 mL) and AcOH (635 pL. 11.1 mmol) was added 2-chloro-
6-hydrazinyl-4-methylpyridine (500 mg, 3.17 mmol) and
the reaction mixture was stirred at 80° C. overnight. The
reaction was cooled ant the solvent removed in vacuo, the
resulting residue was partitioned between DCM (50 mL) and
sat. NaHCO, (60 mL), the aqueous fraction was extracted
with DCM (2x50 mL) and the combined organic fractions
were dried (MgSO,) and concentrated in vacuo to yield
2-chloro-4-methyl-6-{5-methyl-4-[4-(trifluoromethyL)pip-
eridine-1-carbonyl]-1H-pyrazol-1-yl}pyridine (1.08 g, 88%,
mixture of regioisomers) as a yellow powder.

[0629] LC-MS m/z=387.1 [M+H]"; RT=1.41-1.43 min.

Step 3: Synthesis of 2-(benzyloxy)-4-methyl-6-{5-
methyl-4-[4-(trifluoromethyl )piperidine-1-carbo-
nyl]-1H-pyrazol-1-yl}pyridine and 2-(benzyloxy)-4-
methyl-6-{3-methyl-4-[4-(trifluoromethyl)
piperidine-1-carbonyl]-1H-pyrazol-1-y1}pyridine

[0630]
0
SN
| CH;
Va O
H;C N
N
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[0631] To a stirred solution of 2-chloro-4-methyl-6-{5-

methyl-4-[4-(triffuoromethyl.)piperidine-1-carbonyl]-1H-

pyrazol-1-yl}pyridine (1.08 g, 2.79 mmol) (Crude mixture
from containing regioisomers) in dioxane (15 ml) was
added phenylmethanol (0.32 mL, 3.07 mmol), followed by
t-BuOK (345 mg, 3.07 mmol) and the solution was heated
to reflux overnight. A further 1.1 equivalents of t-BuOK
(345 mg, 3.07 mmol) and phenylmethanol (0.32 mL, 3.07
mmol) were added and the reaction was refluxed for a
further 3 hours. Saturated NH,Cl1 (50 mL) was added to the
cooled solution and the mixture was extracted with EtOAc
(2x80 mL), the combined organic fractions were dried over
MgSO,, the solvent removed in vacuo and the resulting
residue purified via chromatography on SiO, eluting with
0:100-100:0 EtOAc-heptane) to afford the title compounds
(593 mg, 82%, mixture of isomers) as an off-white powder.
[0632] LC-MS m/z=459.2 [M+H]"; RT=1.56-1.60 min.

Step 4: Synthesis of 4-methyl-6-{5-methyl-4-[4-
(trifluvoromethyl.)piperidine-1-carbonyl]-1H-pyra-
z0l-1-y1}-1,2-dihydropyridin-2-one and 4-methyl-6-
{3-methyl-4-[4-(trifluvoromethyl)piperidine-1-
carbonyl]-1H-pyrazol-1-yl}-1,2-dihydropyridin-2-

one
[0633]
Q-439 (EV-AQ8815-001)
0
NH
| CH; o
/
H;C N

N
N N
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Q-440 (EV-AQ8815-002)
(€]
| NH
(6]
HC 7 lel
N N
CH;
F
F F

[0634] To a stirred solution of 2-(benzyloxy)-4-methyl-6-

{5-methyl-4-[4-(trifluoromethyl)piperidine-1-carbonyl]-
1H-pyrazol-1-yl}pyridine (530 mg, 1.16 mmol, as a mixture
of regioisomers) in EtOAc (25 mL) was added Pd on carbon
(10%, 100 mg) and the solution exposed to an atmosphere
of H, (g) overnight. The solution was filtered through celite
washing with EtOAc, the filtrate concentrated in vacuo and
the residue purified via PREP-HPLC (Method G) to yield
4-methyl-6-{5-methyl-4-[4-(trifluoromethyl )piperidine-1-
carbonyl]-1H-pyrazol-1-yl}-1,2-dihydropyridin-2-one (42
mg, 10%) as a yellow powder and 4-methyl-6-{3-methyl-
4-[4-(trifluoromethyl. )piperidine-1-carbonyl]-1H-pyrazol-
1-yl}-1,2-dihydropyridin-2-one (118 mg, 28%) as a yellow
powder.
[0635] LC-MS m/z=369.1 [M+H]"; RT=3.46 min.

Q-440 (EV-AQ8815-002)

o)
| NH
0
HC A lel
Nae. N
cH,
F
I r
[0636] LC-MS m/z=369.1 [M+H]*; RT=3.67 min

BExample 212—Preparation of 4-methyl-6-{4-[4-
(trifluoromethyl)piperidine-1-carbonyl]-1H-pyrazol-
1-y1}-1,2-dihydropyridin-2-one, Q-460,
EV-AQ7135-001

[0637]
(EV-AQ7135-001)
o]
| NH
o]
/
H;C N
|}%
Na N
F
F F
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Step 1: Synthesis of 2-chloro-4-methyl-6-{4-[4-
(trifluvoromethyl)piperidine-1-carbonyl]-1H-pyrazol-
1-yl}pyridine

[0638]

(EV-AQ7130-001)

H;C 7 Ir:>/(
N~ N

[0639] To asolution of 1-(1H-pyrazole-4-carbonyl)-4-(tri-
fluoromethyl)piperidine (EV-AQ8818-001, 91.55 mg, 0.37
mmol) and caesium carbonate (150.83 mg, 0.46 mmol) in
DMF (2 mL) was added 2,6-dichloro-4-methylpyridine (50
mg, 0.31 mmol). The reaction mixture was stirred at 100° C.
for 6 h. The reaction mixture was concentrated under
vacuum. The residue was diluted with water and extracted
with EtOAc. The organics were washed with brine (x2),
dried over Na,SO, and concentrated under vacuum. The
crude residue was purified by chromatography on SiO,
eluting with 0-100% EtOAc in heptane to afford the title
compound (45 mg, 39.1%) as an off-white powder.

[0640] Method A: LC-MS: m/z=373.1 (M+H)+; RT=1.43
min.

Step 2: Synthesis of 2-(benzyloxy)-4-methyl-6-{4-
[4-(trifluvoromethyl)piperidine-1-carbonyl]-1H-pyra-
zol-1-yl}pyridine

[0641]

(EV-AQ7129-002)

/
H;C N
| :>/(
Na N

[0642] To a solution of 2-chloro-4-methyl-6-{4-[4-(trif-
luoromethyl)piperidine-1-carbonyl]-1H-pyrazol-1-

yl}pyridine (EV-AQ7130-001, 45 mg, 0.12 mmol) in diox-
ane (2 mL) was added benzyl alcohol (0.01 mL, 0.13 mmol)
and potassium tert-butoxide (14.9 mg, 0.13 mmol) and the
solution was heated at 90° C. for 4 h. The reaction mixture
was concentrated under vacuum and purified by chromatog-
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raphy on SiO, eluting with 0-100% EtOAc in heptane to
afford the title compound (72 mg, 33.5%).

[0643] Method A: LC-MS: m/z=445.1 (M+H)+; RT=1.60
min.

Step 3: Synthesis of 4-methyl-6-{4-[4-(trifluorom-
ethyl)piperidine-1-carbonyl]-1H-pyrazol-1-y1}-1,2-
dihydropyridin-2-one, Q-460, EV-AQ7135-001

[0644] Pd on carbon (10%, 17 mg) was added to a stirred
solution of 2-(benzyloxy)-4-methyl-6-{4-[4-(trifluorom-
ethyl)piperidine-1-carbonyl]-1H-pyrazol-1-yl }pyridine
(EV-AQ7129-002, 72 mg, 0.16 mmol) in ethanol (5.0 mL)
and the solution was stirred under an atmosphere of H,
overnight. More Pd on carbon (10%, 17 mg) was added to
the reaction and the stir under an atmosphere of H, was
continued for a further 5 h. The solution was filtered through
Celite, washing with EtOAc. The filtrate was concentrated
under vacuum and the residue purified by Prep-HPLC
(Method G) to afford the title compound (8.2 mg, 14.3%) as
an off-white powder

[0645] Method C: LC-MS: m/z=355.2 (M+H)+; RT=2.84
min.

BExample 213—Preparation of 6-{5-methyl-4-[4-
(trifluoromethyl)piperidine-1-carbonyl]-1H-pyrazol-
1-yl}-4-(trifluoromethyl)-1,2-dihydropyridin-2-one

[0646]

(EV-AQ7151-002)

Step 1: Synthesis of
2-chloro-6-hydrazinyl-4-(triftuoromethyl)pyridine

[0647]

(EV-AQ7141-001)

Cl
Ny
i
_
F |
F NH,
[0648] Hydrazine hydrate (0.05 mL, 0.93 mmol) was

added to a suspension of 2,6-dichloro-4-(trifluoromethyl)
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pyridine (100 mg, 0.46 mmol) in ethanol (2 mL) and the
reaction vessel was sealed and heated at 40° C. for 1.5 h and
then at 70° C. for another 5.5 h.

[0649] The solution was concentrated and the resulting
solid was triturated with water to afford the title compound
(70 mg, 51.5%) as a pale brown solid.

[0650] Method B: LC-MS: m/z=211.9 (M+H)+; RT=0.91
min.

Step 2: Synthesis of methyl 1-[6-chloro-4-(trifluo-
romethyl)pyridin-2-yl]-5-methyl-1H-pyrazole-4-

carboxylate
[0651]
(EV-AQ7144-001)
Cl
\N CH,
F | }
Ay \ 0
F |
F N
0—CH;
[0652] To a solution of 2-chloro-6-hydrazinyl-4-(trifluo-

romethyl)pyridine (EV-AQ7141-001, 770 mg, 3.64 mmol)
and methyl 2-[(dimethylamino)methylidene]-3-oxobutano-
ate (90%, 934.57 mg, 4.91 mmol) in ethanol (22 ml) was
added acetic acid (0.729 mL,, 12.74 mmol) and the reaction
mixture was stirred at r.t. for 5 mins and then heated at 50°
C. for 1 h. The mixture was concentrated under vacuum and
purified by chromatography on SiO2 Eluting with 0-100%
EtOAc in heptane to afford the title compound (1.04 g,
88.5%) as a white powder.

[0653] Method B: LC-MS: m/z=320.0 (M+H)+; RT=1.35
min.

Step 3: Synthesis of methyl 1-[6-(benzyloxy)-4-
(trifluvoromethyl)pyridin-2-yl1]-5-methyl-1H-pyra-
zole-4-carboxylate

[0654]
(EV-AQ7147-001)
O
\ N CH.
F | }
ANy \ 0
F |
F N
0—CH;
[0655] To a solution of methyl 1-[6-chloro-4-(trifluorom-

ethyl)pyridin-2-y1]-5-methyl-1H-pyrazole-4-carboxylate

(EV-AQ7144-001, 600 mg, 1.88 mmol) in dioxane (10 mL.)
was added benzyl alcohol (0.21 mL, 2.06 mmol) and potas-
sium tert-butoxide (231.68 mg, 2.06 mmol). The reaction
mixture was stirred at 60° C. for 0.5 h. The reaction mixture
was concentrated under vacuum, diluted with water (10
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ml), and extracted with EtOAc (25 mL). The organics were
washed with brine, dried (Na,SO,) and concentrated under
vacuum. The crude material was purified by chromatogra-
phy on SiO, eluting with 0-50% EtOAc in heptane to afford
the title compound (629 mg, 48%) (mixture with the benzyl
ester) of as a clear oil.

[0656] Method B: LC-MS: m/z=392.1 (M+H)+; RT=1.39
min.

Step 3: Synthesis of 5-methyl-1-[6-0x0-4-(trifluo-
romethyl)-1,6-dihydropyridin-2-yl]-1H-pyrazole-4-
carboxylic acid

[0657]
(EV-AQ7149-003)
(€]
NH cH
F | }
e N \ O
F |
F N
OH
[0658] Pd on carbon (10%, 86 mg) was added to a stirred

solution of methyl 1-[6-(benzyloxy)-4-(trifluoromethyl)
pyridin-2-yl]-5-methyl-1H-pyrazole-4-carboxylate (EV-
AQ7147-001, (mixture with the benzyl ester) (629 mg, 1.61
mmol)) in ethyl acetate (15.0 mL) and the solution was
stirred under an atmosphere of H, overnight. The reaction
mixture was filtered through Celite, washing with EtOAc.
The filtrate was concentrated in vacuo and purified by
chromatography on SiO, Eluting with 0-100% EtOAc in
heptane to afford the title compound (107 mg, 21.6%) as an
off white powder.

[0659] Method B: LC-MS: m/z=287.9 (M+H)+; RT=1.01

Step 4: Synthesis of 6-{5-methyl-4-[4-(trifluorom-
ethyl)piperidine-1-carbonyl]-1H-pyrazol-1-y1}-4-
(trifluvoromethyl)-1,2-dihydropyridin-2-one, Q-466,
EV-AQ7151-002

[0660] To a solution of 5-methyl-1-[6-0x0-4-(trifluorom-
ethyl)-1,6-dihydropyridin-2-yl]-1H-pyrazole-4-carboxylic

acid (200 mg, 0.70 mmol) in THF (6.0 mL) was added
DIPEA (0.417 mL, 2.44 mmol) and T3P 50% in EtOAc
(0.821 ml, 1.39 mmol). The reaction mixture was stirred at
r.t. for 10 mins and 4-(trifluoromethyl)piperidin-1-ium. HCI
(158.45 mg, 0.84 mmol) was added before stirring for a
further 1 h. The reaction mixture concentrated in vacuo and
the crude residue was then suspended in water (5 mL) and
DCM (10 mL). The organics were extracted and the aqueous
phase was then acidified to pH3-4 and extracted with more
DCM (5 mL). The combined organics were dried (Na,SO,),
filtered and concentrated in vacuo. The crude material was
purified by PREP-HPLC (Method G) method) to afford the
title compound (19.1 mg, 6.4%) of as an off-white powder.

[0661] Method C: LC-MS: m/z=423.1 (M+H)+; RT=3.41
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BExample 214—Preparation of 5-{4-[4-(trifluorom-
ethyl)piperidine-1-carbonyl]-1H-pyrazol-1-yl1}-6H,
7H-thieno|2,3-c|pyridin-7-one (Q-511, EV-ARS5370-
002)

Step 1: Synthesis of 5-chloro-7-[(4-methoxyphenyl)
methoxy|-6H,7H-thieno[2,3-c]pyridine

[0662]

(EV-AR5366-003)

[0663] To a solution of 5-chloro-7-[(4-methoxyphenyl)
methoxy|thieno[ 2,3-c]pyridine (EV-AR5360-001, 200 mg,
0.65 mmol) in DMF (3 ml) was added caesium carbonate
(341 mg, 1.05 mmol) and 1-(1H-pyrazole-4-carbonyl)-4-
(trifluvoromethyl)piperidine (Intermediate 29, EV-AQ8818-
001, 178 mg, 0.719 mmol) and stirred at 140° C. for Sh. The
reaction mixture was concentrated in vacuo and purified by
PREP-HPLC (Method G) to afford the title compound (56
mg, 44%) as an off white powder.

[0664] Method B: LC-MS m/z=185.8 [M+H]*; RT=0.86
min.

Step 2: Synthesis of 5-{4-[4-(trifluoromethyl)piperi-
dine-1-carbonyl]-1H-pyrazol-1-yl}-6H,7H-thieno[ 2,
3-c]pyridin-7-one

[0665]

(EV-AR5370-002)

[0666] To a solution of 5-chloro-7-[(4-methoxyphenyl)
methoxy|-6H,7H-thieno[2,3-c]pyridine (EV-AR5366-003,
56 mg, 0.302 mmol) in DMF (1 ml) was added 1-(1H-
pyrazole-4-carbonyl)-4-(triffuoromethyl)piperidine  (Inter-
mediate 29, 89 mg, 0.362 mmol), caesium carbonate (147
mg, 0.453 mmol), L-proline (14 mg, 0.121 mmol) and
copper (I) iodide (11 mg, 0.06 mmol). The reaction mixture
was then de-gassed and stirred at 140° C. for 16 h. The
reaction mixture was cooled to r.t., diluted with EtOAc (20
ml) and washed with brine (2x10 ml). The organic extracts
were dried over sodium sulfate, concentrated in vacuo and
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purified by PREP-HPL.C (Method G) followed by trituration
using MeCN, to afford the title compound (32 mg, 27%) as
an off white powder.

[0667] Method C: LC-MS m/z=397.1 [M+H]*; RT=2.67
min.

BExample 216—Preparation of 2-{5-[4-(trifluorom-
ethyl)piperidine-1-carbonyl]-1,3-thiazol-2-y1}-3H,
4H-thieno|[3,2-d]pyrimidin-4-one

Step 1: Synthesis of
2-(ethoxycarbonyl)-1,3-thiazole-5-carboxylic acid

[0668]

(EV-AS5405-001)

[0669] To a solution of bromopyruvic acid (2.0 g, 11.98
mmol) in anhydrous 1, 4-dioxane (20 ml) was added ethyl
amino(thioxo)acetate (1.60 g, 11.98 mmol) and stirred at
100° C. overnight. The reaction mixture was cooled to room
temperature, basified with saturated NaHCO; solution and
extracted with EtOAc (2x20 ml). The organic extracts were
discarded. The aqueous extracts were then acidified to pH
3/4 using SM aq HCI solution and extracted with EtOAc
(2x50 ml). The organic extracts were dried over sodium
sulfate and concentrated in vacuo to afford the title com-
pound (1.34 g, 54%) as an orange powder.

[0670] Method B: LC-MS m/z=201.85 [M+H]*; RT=0.80
min.

Step 2: Synthesis of ethyl 5-[4-(trifluoromethyl)
piperidine-1-carbonyl]-1,3-thiazole-2-carboxylate

[0671]

(EV-AS5406-001)

[0672] To a suspension of 2-(ethoxycarbonyl)-1,3-thiaz-
ole-5-carboxylic acid (EV-AS5405-001, 1.34 g, 6.66 mmol)
in THF (15 ml) was added DIPEA (2.9 ml, 16.7 mmol), T3P
(50% in EtOAc) (9.8 ml, 16.7 mmol) and 4-(trifluorom-
ethyl)piperidine hydrochloride (1.39 g, 7.33 mmol) and
stirred at r.t. for 2 h. The reaction mixture was concentrated
in vacuo and to the crude residue added DCM (40 ml) and
saturated NaHCO; solution (20 ml). The organic layer was
extracted, washed with water (10 ml), dried over sodium
sulfate and concentrated in vacuo to afford the title com-
pound (2.13 g, 75%) as a brown powder.

[0673] Method B: LC-MS m/z=337.0 [M+H]*; RT=1.09
min.
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Step 3: Synthesis of 5-[4-(trifluoromethyl)piperi-
dine-1-carbonyl]-1,3-thiazole-2-carboxylic acid

[0674]
(EV-AS5407-001)
(0] (6]
M~
HO \ N
\_/
F
F F

[0675] To a solution of ethyl 5-[4-(trifluoromethyl)piperi-

dine-1-carbonyl]-1,3-thiazole-2-carboxylate (EV-AS5406-
001, 79%, 2.10 g, 4.93 mmol) in THF (10 mL) and water (5
ml) was added 3M aqueous NaOH solution (8.22 ml) and
stirred at r.t. for 2 h. The reaction mixture was concentrated
in vacuo to remove the organic solvent and the aqueous
mixture acidified to pH 2/3 using 5M aq HCI solution. The
reaction mixture was extracted with EtOAc (2x50 ml) and
the combined organic extracts dried over sodium sulfate and
concentrated in vacuo to afford the title compound (874 mg,
40%) as a brown solid.

[0676] Method B: LC-MS m/z=308.85 [M+H]*; RT=0.87
min.

Step 4: Synthesis of N-(2-carbamoylthiophen-3-yl)-
5-[4-(trifluoromethyl)piperidine-1-carbonyl]-1,3-
thiazole-2-carboxamide

[0677]

(EV-AS5408-002)

g NH,
0

[0678] To a solution of 5-[4-(trifluoromethyl)piperidine-
1-carbonyl]-1,3-thiazole-2-carboxylic acid (EV-AS5407-
001, 70%, 872 mg, 1.98 mmol) in THF (10 ml) was added
HATU (904 mg, 2.38 mmol), DIPEA (848 pl, 4.95 mmol)
and 3-aminothiophene-2-carboxamide (310 mg, 2.18 mmol)
and stirred at r.t. for 2 h. The reaction mixture was concen-
trated in vacuo and redissolved in DCM (2 ml) and water (1
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ml). The reaction mixture was filtered through a phase
separator cartridge, concentrated in vacuo and purified by
chromatography, eluting with DCM/MeOH (gradient 100:
0-95:5) to afford the title compound (1.03 g, 88%) as an
orange oil.

[0679] Method B: LC-MS m/z=432.90 [M+H]*; RT=1.09
min.

Step 5: Synthesis of 2-{5-[4-(trifluoromethyl)piperi-
dine-1-carbonyl]-1,3-thiazol-2-y1}-3H,4H-thieno[ 3,
2-d]|pyrimidin-4-one

[0680]

Q-530 (EV-AS5409-002)

[0681] To a solution of N-(2-carbamoylthiophen-3-y1)-5-
[4-(trifluoromethyl)piperidine-1-carbonyl]-1,3-thiazole-2-
carboxamide (EV-AS5408-002, 73%, 45 mg, 0.076 mmol)
in MeOH (3 ml) was added 1M aq NaOH solution (380 pul,
0.38 mmol) and stirred at 70° C. for 2 h. The reaction
mixture was filtered to remove the precipitate, the filtrate
extracted with EtOAc (2x10 ml) and the organic extracts
discarded. The aqueous extracts were then acidified to pH
4/5 using 2M aq HCI solution. A white precipitate formed
which was filtered, washing with water and purified by
PREP-HPLC (Method G) to afford the title compound (12
mg, 38%) as a white powder.

[0682] Method C: LC-MS m/z=415.0 [M+H]*; RT=2.84
min.

BExample 218—Preparation of 2-(5-methyl-4-{2,2,2-
trifluoro-1-[4-(trifluoromethyl)piperidin-1-yl]ethyl} -
1H-pyrazol-1-y1)-3H,4H,5H,6H,7H-cyclopenta[d]
pyrimidin-4-one (Q-503, EV-AQ7177-001)

[0683]
(EV-AQ7167-001)
H3cw
o)
F
| F
HsC
F
o} o}
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Step 1: Synthesis of 2-[5-methyl-4-(trifluoroacetyl)-
1H-pyrazol-1-y1]-3H,4H,5H,6H,7H-cyclopenta[d]
pyrimidin-4-one

[0684]
(EV-AQ7169-001)
O
NH
| CH;
N)\N O
N
Nax
F
F F
[0685] To a solution of 2-hydrazinyl-3H,4H,5H,6H,7H-

cyclopenta[d]pyrimidin-4-one (EV-AQ7134-001, 150 mg,
0.9 mmol, Intermediate 17) in THF (15 mL) at -10° C. was
added dropwise 3-(ethoxymethylidene)-1,1,1-trifluoropen-
tane-2,4-dione (prepared using the procedure described in
Journal of Fluorine Chemistry. 136, 38-42; 2012) (EV-
AQ7167-001, 199.17 mg, 0.95 mmol) in THF (5 mL) over
20 mins and stirred at —10° C. for 30 mins and at r.t. for a
further 1 h. The reaction mixture was concentrated in vacuo
and dissolved in DCM. The organics were washed with
brine, dried over Na,SO, and concentrated in vacuo to afford
the title compound (310 mg, 92.4%) as an orange powder,
which ionised in the LC-MS as a mixture of ketone and
dehydrate.

[0686] Method B: LC-MS m/z=331.0 [M+H]*; RT=0.98
min; 313.0 [M+H]*; RT=1.14 min

Step 2: Synthesis of 2-[5-methyl-4-(2,2,2-trifluoro-
1-hydroxyethyl)-1H-pyrazol-1-y1]-3H,4H,5H,6H,
7H-cyclopenta[d]pyrimidin-4-one

[0687]
(EV-AQ7174-001)
(€]
NH
| CH;
P OH
o
IESS
F
F F
[0688] To a solution of NaBH,, (49.68 mg, 1.31 mmol) in

MeOH (1 mL) was added 1M aqueous NaOH solution (0.1
ml) followed by 2-[5-methyl-4-(trifluoroacetyl)-1H-pyra-
zol-1-yl1]-3H,4H,5H,6H,7H-cyclopenta[d|pyrimidin-4-one
(EV-AQ7169-001, 100 mg, 0.32 mmol) in MeOH (2 mL)
and stirred at r.t. for 1 h. The reaction mixture was quenched
with water (~2 mL) and concentrated in vacuo. The residue
was dissolved in EtOAc, washed with water (3 mL) and
brine (3 mL), dried over Na,SO, and concentrated in vacuo
to afford the title compound (95 mg, 94.4%) as an orange
powder.

[0689] Method B: LC-MS m/z=315.0 [M+H]*; RT=0.99
min
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Step 3: Synthesis of 2-(5-methyl-4-{2,2.2-trifluoro-
1-[4-(trifluoromethyl)piperidin-1-yl|ethyl} -1 H-pyra-
zo0l-1-y1)-3H,4H,5H,6H,7H-cyclopenta| d]pyrimidin-
4-one
[0690]
Q-503, EV-AQ7177-001
F F
F
(6]
NH
| CH;
)\ N
o
N
F
F F

[0691] To a solution of 2-[5-methyl-4-(2,2,2-trifluoro-1-
hydroxyethyl)-1H-pyrazol-1-yl1]-3H,4H,5H,6H,7H-cyclo-
penta[d]|pyrimidin-4-one (EV-AQ7174-001, 90 mg, 0.29
mmol) in DCM (3.5 mL) at -10° C. was added Et;N (0.12
ml, 0.86 mmol) followed by triflic anhydride (0.08 mlL,
0.50 mmol) and stirred at —=10° C. for 1 h. The reaction
mixture was washed with cold saturated NaHCO; solution
(3 mL) and water (3 mL). The organic extracts were then
dried over Na,SO, and concentrated in vacuo. The residue
was dissolved in THF (3 mL), cooled to 0° C., added to a
stirred solution of 4-(trifluoromethyl)piperidin-1-ium HCI
(108.6 mg, 0.57 mmol) and potassium carbonate (118.74
mg, 0.86 mmol) and stirred at 0° C.—r.t. for 15 h. The
reaction mixture was concentrated in vacuo and partitioned
between DCM (2 mL) and water (1 mL). The organics were
isolated using a phase separator cartridge, concentrated in
vacuo and purified by PREP-HPLC (Method G) to afford the
title compound (21 mg, 16.3%) as brown powder.

[0692] Method C: LC-MS m/z=450.1 [M+H]*; RT=2.98
min

BExample 219—Preparation of 3-methyl-5-{5-
methyl-4-[4-(trifluoromethyl )piperidine-1-carbo-
nyl]-1H-pyrazol-1-yl }phenol (Q-494, EV-AR5355-
002)

[0693] Step 1: Synthesis of 2-[4-(hydroxymethyl.)-5-
methyl-1H-pyrazol-1-yl]-3H,4H,5H,6H, 7H-cyclopenta[d]
pyrimidin-4-one

(EV-AQ7157-001)

NH CH;

|N)\N\\

N=—

OH
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[0694] To a solution of methyl 5-methyl-1-{4-ox0-3H,4H,
5H,6H,7H-cyclopenta[d]pyrimidin-2-y1}-1H-pyrazole-4-
carboxylate (Intermediate 18 step 1, EV-AQ7137-001, 1 g,
3.65 mmol) in THF (20 mL) at 0° C. was added dropwise
lithium aluminium hydride (2.4 M solution in THF, 1.82 mL,
4.35 mmol) and stirred at r.t. for 15 h. The reaction mixture
was quenched by the addition of water (15 mL) and filtered
through Celite, washing with methanol (15 mL). The filtrate
was concentrated in vacuo to afford the title compound (650
mg, 62%) as a pale yellow powder:

[0695] Method B: LC-MS m/z=245 [M+H]*; RT=0.89
min

[0696] Step 2: Synthesis of 5-methyl-1-{4-ox0-3H,4H,
5H,6H,7H-cyclopenta[d]pyrimidin-2-y1}-1H-pyrazole-4-
carbaldehyde

(EV-AQ7158-002)

[0697] To a solution of 2-[4-(hydroxymethyl.)-5-methyl-
1H-pyrazol-1-y1]-3H,4H,5H,6H,7H-cyclopenta[d]pyrimi-
din-4-one (EV-AQ7157-001, 650 mg, 2.64 mmol) in DCM
(20 mL) and MeOH (10 mL) was added manganese (IV)
oxide (1.84 g, 21.12 mmol) and stirred at rt. for 15 h. A
further portion of manganese (IV) oxide (1.84 g, 21.12
mmol) was added and stirred at r.t. for 6 h. A further portion
of manganese (IV) oxide (0.92 g, 10.56 mmol) was added
and stirred at r.t. for 4 days. The reaction mixture was filtered
through Celite, washing with DCM and MeOH, and the
filtrate concentrated in vacuo to afford the title compound
(558 mg, 68%) as a beige powder.

[0698] Method B: LC-MS m/z=245 [M+H]"; RT=0.89
min

[0699] Step 3: Synthesis of 1-[(5-methyl-1-{4-0x0-3H,
4H,5H,6H,7H-cyclopenta[d]pyrimidin-2-y1}-1H-pyrazol-4-
yL)methyl]|piperidin-2-one.

Q-494 (EV-AR5355-002)

[0700] To a solution of 5-methyl-1-{4-ox0-3H,4H,5H,6H,
7H-cyclopenta[d]pyrimidin-2-y1}-1H-pyrazole-4-carbalde-

hyde (EV-AQ7158-001, 80%, 90 mg, 0.295 mmol) in anhy-
drous MeOH (3 ml) was added ethyl 5-aminopentanoate
hydrochloride (59 mg, 0.324 mmol) and Et;N (164 ul, 1.179
mmol) and stirred at r.t. for 1 h. To the reaction mixture was
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added NaBH, (13 mg, 0.354 mmol) and stirred at 45° C. for
16 h. The reaction mixture was stirred at 50° C. for a further
3 h. The reaction mixture was cooled to r.t. and diluted with
water (10 mL). The aqueous mixture was then acidified to
pH 4 using 5 M aq HCl solution and extracted with EtOAc
(2x30 mL). The combined extracts were dried over sodium
sulfate, concentrated in vacuo and purified via PREP-HPLC
(Method G) to afford the title compound (5 mg, 5%) as an
off white powder.

[0701] Method C: LC-MS m/z=328.1 [M+H]*; RT=2.19
min.

Example 220

Step 1: Synthesis of ethyl 1-{4-[(4-methoxyphenyl)
methoxy]-6-methylpyrimidin-2-yl1}-1H-pyrazole-4-

carboxylate
[0702]
(EV-AN0096-002)
H;C
3 \O
(@)
@
H;C N)\N /
3
| 3//(0/\
CH;,
[0703] To a solution of ethyl 1H-pyrazole-4-carboxylate

(143 m g, 1.022 mol) in DMF (5§ mL) at 0° C. was added
NaH (60% in oil) (60%, 45 mg, 1.12 mmol). The reaction
mixture was warmed to r.t. over 30 minutes before 2-meth-
anesulfonyl-4-[ (4-methoxyphenyl)methoxy]-6-methylpy-
rimidine (Example 196 step 2, EV-A05710-002, 300 mg,
0.97 mmol) was added in more DMF (1 mL). The reaction
mixture was stirred at r.t. for 3 h. The reaction mixture was
quenched by the addition of water (20 mL) and extracted
with EtOAc (3x30 mL). The combined organic fractions
were washed with brine (20 mL), dried (Na,SO,) and
concentrated under vacuum to an opaque gum which was
purified by chromatography on SiO, eluting with 12-100%
EtOAc in heptane to afford the title compound (266 mg,
66% yield) as a white powder.

[0704] Method A: LC-MS: m/z=+391.10 (M+Na)*1.41
min
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Step 2: Synthesis of 1-{4-[(4-methoxyphenyl)
methoxy]-6-methylpyrimidin-2-yl1}-1H-pyrazole-4-
carboxylic acid
[0705]

(EV-AN0098-002)
H;C

[0706] To a solution of ethyl 1-{4-[(4-methoxyphenyl)
methoxy]-6-methylpyrimidin-2-y1}-1H-pyrazole-4-car-
boxylate (EV-AN0096-002 (266 mg, 0.64 mmol) in THF (10
ml) was added NaOH (3M, 1 ml) and the reaction was stirred
at room temperature for 18 h. More NaOH (2.5M, 1.5 ml)
was added along with MeOH (1 ml) and the reaction stirred
for a further 7 h. The Organic solvent was evaporated in
vacuo and the aqueous phase acidified to pH1 with HCI
(1M). The mixture was extracted with EtOAc (3x30 ml),
washed with brine (2x20 ml), dried (Na,SO,) and evapo-
rated to afford the title compound (199 mg, 64%) as a
colourless gum.

[0707] Method A: LC-MS: m/7z=+363.0 (M+Na)*1.20 min

Step 3: Synthesis of 2-(1-{4-[(4-methoxyphenyl)
methoxy]-6-methylpyrimidin-2-yl1}-1H-pyrazole-4-
carbonyl)-1,2,3,4-tetrahydroisoquinoline
[0708]

(EV-AO8800-002)
H;C
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[0709] To a stirred solution of 1-{4-[(4-methoxyphenyl)
methoxy]-6-methylpyrimidin-2-yl1}-1H-pyrazole-4-carbox-
ylic acid (EV-AN0090-001, 199 mg, 0.58 mmol) in DMF (1
ml) was added DIPEA (255 pl, 1.46 mmol) followed by
TBTU (225 mg, 0.7 mmol). The reaction was stirred for 3
min after which time 1,2,3,4-tetrahydroisoquinoline (101
mg, 0.76 mmol) was added and then the reaction was placed
under N,. The reaction was stirred for 16 hours and then
quenched with water (20 ml) and extracted with DCM (3x30
ml). The organics were washed with brine (2x50 ml), dried
(Na,S0,) and evaporated under vacuum, followed by azeo-
trope with heptane (2x50 mL) to remove residual DMF. The
crude product was purified by chromatography on SiO,
eluting with 25-100% EtOAc in heptane gradient to afford
the title compound (220 mg, 72%) as a colourless gum.
[0710] Method C: LC-MS: m/z=456.2 (M+H)"1.40 min

Step 4: Synthesis of 6-methyl-2-[4-(1,2,3,4-tetrahy-
droisoquinoline-2-carbonyl)-1H-pyrazol-1-yl]-3,4-
dihydropyrimidin-4-one

[0711]
Q-314 (EV-A08801-002)
(€]
| NH
)\ 7
H,C N lel
Ny
[0712] 2-(1-{4-[(4-methoxyphenyl)methoxy]-6-methyl-

pyrimidin-2-yl1}-1H-pyrazole-4-carbonyl)-1,2,3,4-tetrahy-
droisoquinoline (EV-A08800-002, 220 mg, 0.42 mmol) was
dissolved in DCM (3 mL) and TFA (0.35 mL) was added.
The reaction mixture was stirred for 1 hour and 30 minutes
and then concentrated under vacuum. The crude residue was
then re-dissolved in DCM (30 ml) and washed with sodium
bicarbonate solution (sat, 2x10 ml), dried (Na,SO,) and
concentrated under vacuum. The crude material was purified
by preparative HPLC (Method G) to afford the title com-
pound (46 mg, 33%) as an off white solid

[0713] Method C: LC-MS: m/z=336.1 (M+H)"2.38 min

Example 221—Preparation of 6-methyl-2-[4-(1,2,3,
4-tetrahydroisoquinoline-2-carbonyl)-1H-1,2,3-tri-
azol-1-yl]-3,4-dihydropyrimidin-4-one (Q-312,
EV-A05730-002)
Step 1: Synthesis of 5-methyl-3H,7H-[1,2,3,4]tetra-
zolo[1,5-a]pyrimidin-7-one
[0714]

(EV-A05708-001)

N/N\\

Pw,
A

H;C N NH
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[0715] To a solution of hydrazinyl-6-methyl-3,4-dihydro-
pyrimidin-4-one (Intermediate 1, EV-AN7477-001, 0.5 g,
3.6 mmol) in ice cold acetic acid (3 mL.) was added dropwise
a solution of sodium nitrite (0.37 g, 5.4 mmol) in water (0.4
mL). The reaction mixture was stirred at 5° C. for 1 hour and
then concentrated in vacuo. The residue was triturated from
water, filtered and dried in vacuo to afford the title com-
pound (335 mg, 59%) as a colourless solid.

[0716] Method A: LC-MS m/z=152.1 [M+H]+; RT=0.24
min

Step 2: Synthesis of methyl 1-(4-methyl-6-ox0-1,6-
dihydropyrimidin-2-y1)-1H-1,2,3-triazole-4-carboxy-

late

[0717]

(EV-A05726-001)
(€]
| NH
H;C N)\N \ /
3
1|\1/>//<0/CH3
=N

[0718] A solution of tert-butanol-water 1:1 (4 mL) was

degassed with a stream of nitrogen for 5 minutes and
methyl-3H,7H-[1,2,3 4]tetrazolo[1,5-a]pyrimidin-7-one
(EV-A005708-001, 200 mg, 1.32 mmol), copper (I) chlo-
ride (26 mg, 0.26 mmol) and methyl propionate (98%, 227
mg, 2.65 mmol) were added. The reaction mixture was
stirred at 70° C. for 6 hours. The reaction mixture was
diluted with CHCI13-10% IPA (5 mL) and washed with water
(5 mL) and brine (5 mL). The aqueous phase was re-
extracted with CHCI3-10% IPA (3x5 mL) and the combined
organics were dried (Na,SO,) and concentrated in vacuo.
Purification by chromatography on SiO2, eluting with
DCM/Ammonia (7M in methanol) 0-100%) afforded the
title compound (183 mg, 53%) as a pale solid.

[0719] Method A: LC-MS m/z=235.9 [M+H]+; RT=0.90
min

Step 3: Synthesis of 1-(4-methyl-6-0x0-1,6-dihy-
dropyrimidin-2-y1)-1H-1,2,3-triazole-4-carboxylic
acid

[0720]

(EV-A05728-001)

Apr. 6,2017

[0721] To a solution of methyl 1-(4-methyl-6-oxo0-1,6-
dihydropyrimidin-2-yl)-1H-1,2,3-triazole-4-carboxylate

(EV-A05726-001, 190 mg, 0.71 mmol) in methanol (3 mL)
was added 1M KOH (1.25 mL, 1.25 mmol) and the mixture
was stirred at r.t. for 4 hours. The reaction mixture was
concentrated in vacuo and acidified with HC1 (3M, 0.4 mL.).
The resulting precipitate was collected by filtration, washed
with water (2x1 mL) and dried under vacuum to afford the
title compound (137 mg, 83%) as a light brown solid.

[0722] Method A: LC-MS m/z=221.9 [M+H]+; RT=0.70
min.

Step 4: Synthesis of 6-methyl-2-[4-(1,2,3,4-tetrahy-
droisoquinoline-2-carbonyl)-1H-1,2,3-triazol-1-yl]-
3,4-dihydropyrimidin-4-one, Q-312, EV-A05730-

002

[0723]

(EV-A05730-002)
(€]
| NH
H;C N)\N /
3
I
=N

[0724] To a solution of 1-(4-methyl-6-0x0-1,6-dihydropy-

rimidin-2-y1)-1H-1,2,3-triazole-4-carboxylic  acid (EV-
A05728-001 (130 mg, 0.56 mmol) in DMF (2 mL) was
added DIPEA (233.05 pl, 1.4 mmol and COMU (98%,
268.42 mg, 0.61 mmol). The reaction mixture was stirred at
r.t. for 2 minutes and 1,2,3,4-tetrahydroisoquinoline (98%,
83.48 mg, 0.61 mmol) was added and the reaction stirred at
r.t. for a further 24 hours. Further COMU (98%, 268.42 mg,
0.61 mmol) and 1,2,3,4-tetrahydroisoquinoline (98%, 83.48
mg, 0.61 mmol) were added and the mixture stirred at r.t. for
2 hr.

[0725] The reaction mixture was concentrated in vacuo
and diluted with DCM (10 ml). The mixture was washed
with HCI (1 M 2x5 mL), water (5 mL) and brine (5 mL),
dried (Na,SO,) and concentrated in vacuo. Purification by
chromatography on SiO2 eluting with DCM/methanol
(0-2%) followed by preparative HPLC (Method G) afforded
the title compound (36 mg, 19%) as a colourless solid.

[0726] Method C: LC-MS: m/z=337.1 (M+H)+; RT=2.56
min
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BExample 222—Preparation of 2-{5-[4-(trifluorom-
ethyl)piperidine-1-carbonyl|pyridin-2-y1}-3H,4H,
SH,6H,7H-cyclopenta|d]pyrimidin-4-one 0-472
(EV-AR5325-002)

Step 1: Preparation of 2-(5-bromopyridin-2-y1)-1H,
2H,3H,4H,5H,6H,7H-cyclopenta[d]pyrimidin-4-one

[0727]
o Q-465 (EV-AR5317-001)
NH
NN
: A Br
[0728] To a solution of 5-bromopyridine-2-carboximid-

amide (917 mg, 4.584 mmol) in dry MeOH (10 ml) was
added methyl-2-oxocyclopentane-1-carboxylate (1.1 eq,
569 ul, 4.584 mmol), followed by NaOMe (5.4 M in MeOH)
(1.1 eq, 934 pl, 5.043 mmol) and stirred at 60° C. for 20 h.
A further portion of methyl-2-oxocyclopentane-1-carboxy-
late (0.1 eq, 57 pl, 0.458 mmol) and NaOMe (5.4 M in
MeOH) (0.1 eq, 85 pl, 0.458 mmol) was added and stirred
at 60° C. for 1 h. The reaction mixture was concentrated in
vacuo, the residue redissolved in water and the solution
acidified to pH 3 using 2 M aqueous HCI solution. The
precipitate was filtered under vacuum filtration, washed with
water and Et,O, and dried to afford the title compound (832
mg, 62%) as a cream powder.

[0729] Method C: LC-MS m/z=295.0 [M+H]*; RT=2.53
min.

Step 2: Preparation of methyl-6-{4-oxo0-3H,4H,5H,
6H,7H-cyclopenta[d]pyrimidin-2-yl }pyridine-3-

carboxylate
[0730]
Q-471 (EV-AR5321-002)
(€]
NH
N
N O
x N,
(6]
[0731] To a suspension of 2-(5-bromopyridin-2-yl)-3H,

4H,5H,6H,7H-cyclopenta[d]pyrimidin-4-one (EV-ARS5317-
001, 690 mg, 2.36 mmol) in THF (3 ml) was added MeOH
(3 ml), Mo(CO), (249 mg, 0.945 mmol), Pd(OAc), (53 mg,
0.236 mmol), ‘Bu,P (96 mg, 0.472 mmol) and DBU (705 ul,
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4.724 mmol) and stirred at 120° C. overnight. The reaction
mixture was diluted with water (10 mL) and extracted with
EtOAc (3x20 mL). The combined organic extracts were
washed with saturated brine solution (10 mL), dried over
Na,SO,, concentrated in vacuo and purified via chromatog-
raphy on SiO, eluting with (100:0-95:5, DCM-MeOH) fol-
lowed by trituration using THF to afford the title compound
(109 mg, 17%) as an off white powder.

[0732] Method C: LC-MS m/z=272.1 [M+H]*; RT=2.27
min.

Step 3: Preparation of 5-cyclopropyl-1-{4-ox0-3H,
4H,5H,6H,7H-cyclopenta[d]pyrimidin-2-y1}-1H-
pyrazole-4-carboxylic acid

[0733]

(EV-AR5324-001)

(6]
NH
N
N\ OH
(6]

[0734] To a solution of methyl 6-{4-oxo0-3H,4H,5H,6H,

7H-cyclopenta[d]pyrimidin-2-y1}pyridine-3-carboxylate
(EV-ARS5321-002, 100 mg, 0.369 mmol) in THF (5 mL) was
added 3M aqueous NaOH solution (737 ul, 2.21 mmol) and
stirred at r.t. for 1 h. The reaction mixture was concentrated
in vacuo to remove the organic solvent and the aqueous
mixture acidified to pH 4 using SM aq HCI solution; a white
precipitate formed. The reaction mixture was filtered under
vacuum to afford the title compound (65 mg, 53%) as an off
white powder.

[0735] Method B: LC-MS m/z=258.0 [M+H]*; RT=0.84
min.

Step 4: Preparation of 2-{5-[4-(trifluoromethyl)
piperidine-1-carbonyl]pyridin-2-y1}-3H,4H,5H,6H,
7H-cyclopenta[d]pyrimidin-4-one

[0736]
Q-472 (EV-AR5325-002)
NH F
F
=
N 7 F
N\ N
(@]
[0737] To a suspension of 6-{4-ox0-3H,4H,5H,6H,7H-

cyclopenta[d]pyrimidin-2-y1}pyridine-3-carboxylic ~ acid
(EV-ARS5324-001, 64 mg, 0.249 mmol) in THF (3 ml) was
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added DIPEA (130 pl, 0.746 mmol), T3P (50% in EtOAc)
(440 pl, 0.746 mmol) and 4-(trifluoromethyl)piperidine
hydrochloride (52 mg, 0.274 mmol) and stirred at r.t. for 2
h. The reaction mixture was concentrated in vacuo and
redissolved in EtOAc (20 ml). The reaction mixture was
then washed with water (10 ml), the organic extracts dried
over sodium sulfate, concentrated in vacuo and purified via
PREP-HPLC (Method G) to afford the title compound (45
mg, 46%) as a white powder.

[0738] Method C: LC-MS m/z=393.2 [M+H]*; RT=2.65
min.

BExample 223—Synthesis of 2-{4-[4-(trifluorom-
ethyl)piperidine-1-carbonyl|pyridin-2-y1}-3H,4H,
SH,6H,7H-cyclopenta[d]pyrimidin-4-one

Step 1: Preparation of
4-bromopyridine-2-carboxamidine hydrochloride

[0739]
(EV-AR7003-001)
NH,
B
HN | 7
N L
[0740] To a solution of 4-bromopyridine-2-carbonitrile (1

g, 5.46 mmol) in anhydrous MeOH (4 mL) was added
sodium methoxide in MeOH (0.5 M, 2.19 mL, 1.1 mmol)
and stirred at r.t. for 4 h. To the reaction mixture was added
ammonium chloride (0.32 g, 6 mmol) and stirred at r.t.
overnight. The reaction was diluted with ether (10 mL) and
stirred at rt. for 30 mins. A precipitate formed that was
collected by filtration, washed with ether (2x4 mL.) and dried
under vacuum to afford the title compound (967 mg, 74.8%)
as a white powder.

[0741] Method B: LC-MS m/z=199.8, 201.9 [M+H]*;
RT=0.2 min.

Step 2: Preparation of 2-(4-bromopyridin-2-y1)-3H,
4H,5H,6H,7H-cyclopenta|d|pyrimidin-4-one

[0742]

(EV-AR7005-001)
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[0743] Methyl 2-oxocyclopentane-1-carboxylate (609.16
ul, 491 mmol) and 4-bromopyridine-2-carboxamidine
hydrochloride (0.97 g, 4.09 mmol) were dissolved in
NaOMe in MeOH (0.5 M, 9.8 mL, 4.9 mmol) at r.t. under
an atmosphere of nitrogen, and stirred at 60° C. overnight.
The reaction mixture was concentrated in vacuo, the residue
re-dissolved in water and the solution acidified to pH 3 using
2 M aq HCI solution. The precipitate was collected by
filtration, washed with water and diethyl ether, and dried to
afford the title compound (783 mg, 65.6%) as a brown
powder.

[0744] Method B: LC-MS m/z=293.85/295 [M+H]*;
RT=1.04 min.

Step 3: Synthesis of 2-{4-[4-(trifluoromethyl)piperi-
dine-1-carbonyl]pyridin-2-yl}-3H,4H,5H,6H,7H-
cyclopenta[d]pyrimidin-4-one

[0745]
EV-AR7013-003
(6]
NH (€]
P / N
N\ F
F
F

[0746] To a solution of 2-(4-bromopyridin-2-y1)-3H,4H,

SH,6H,7H-cyclopenta|d]pyrimidin-4-one (50 mg, 0.17
mmol) in anhydrous 1,4-dioxane (2 mL.) under nitrogen was
added 4-(trifluoromethyl)piperidin-1-ium chloride (97.36
mg, 0.51 mmol), palladium acetate (2.88 mg, 0.01 mmol),
(9,9-dimethyl-9H-xanthene-4,5-diyl)bis(diphenylphos-
phane) (14.86 mg, 0.03 mmol), tripotassium phosphate (0.09
ml, 1.03 mmol), hexakis(oxomethylidene)molybdenum (18.
07 mg, 0.07 mmol) and N,N-dimethylpyridin-4-amine (41.
82 mg, 0.34 mmol). The reaction vessel was de-gassed and
back filled with nitrogen (x3), sealed and heated at 140° C.
for 45 mins. The reaction mixture was diluted with EtOAc,
concentrated on to silica and purified by chromatography on
Si0, eluting with 0-5% MeOH/DCM then 5-15% rapid flush
to yield a brown gum. The crude material was dissolved in
IPA (0.3 mL) and treated with (2E)-but-2-enedioic acid (0.01
ml, 0.09 mmol) solution in IPA and stirred at r.t. for 4 mins
before diethyl ether (1 mL) was added. A precipitate slowly
formed over 3 h and was left standing overnight. The
precipitate was collected by filtration, washed with ether
(2x1 mL) and dried under vacuum to provide the title
compound (9.7 mg, 14.2%) as a pale beige solid.

[0747] Method C: LC-MS m/z=393.1 [M+H]*; RT=2.59
min.
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Example 224—Synthesis of 2-{4-[4-(trifluorom-
ethyl)piperidine-1-carbonyl]pyridin-2-y1}-3H,4H-
thieno[3,2-d]pyrimidin-4-one

Step 1: Preparation of phenyl
2-cyanopyridine-4-carboxylate

[0748]
(EV-AR7020-001)
O O
N,
X
D
N =
[0749] 4-bromopyridine-2-carbonitrile (150 mg, 0.82

mmol), phenyl formate (0.12 ml, 1.07 mmol), palladium(II)
acetate (5.52 mg, 0.02 mmol), tri-tert-butylphosphonium
tetrafluoroborate (28.54 mg, 0.1 mmol) and N,N-diethyl-
ethanamine (0.15 ml, 1.07 mmol) were added to a micro-
wave vessel under an atmosphere of nitrogen. The reaction
vessel was de-gassed and back filled with nitrogen (x3),
sealed and heated at 140° C. for 20 mins under microwave
irradiation. A further portion of palladium(II) acetate (5.52
mg, 0.02 mmol) and tri-tert-butylphosphonium tetrafluo-
roborate (28.54 mg, 0.1 mmol) was added and the reaction
vessel de-gassed and back filled with nitrogen (x3), sealed
and heated at 140° C. for 45 mins under microwave irra-
diation. The resultant mixture was diluted with water (4 m[.)
and DCM (3 mL), stirred vigorously and the phases sepa-
rated using a phase separator cartridge. The aqueous was
re-extracted with DCM (x2) and the organic extracts sepa-
rated using a phase separator. The combined organic extracts
were concentrated in vacuo and purified by chromatography
on Si0,, eluting with Heptane/EtOAc (gradient 100:0-55:
45) to afford the title compound (94 mg, 51%) as a pale
yellow gum that solidified on standing.

[0750] Method B: LC-MS m/z=224.9 [M+H]*; RT=1.11
min.

Step 2: Preparation of 4-[4-(trifluoromethyl)piperi-
dine-1-carbonyl|pyridine-2-carbonitrile

[0751]
(EV-AR7023-002)
(6]
N.
X
T
N Z F
F
F
[0752] To a solution of phenyl 2-cyanopyridine-4-car-

boxylate (101 mg, 0.45 mmol) in anhydrous THF (1 mL),
under an atmosphere of nitrogen, was added 4-(trifluorom-
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ethyl)piperidin-1-ium chloride (128.12 mg, 0.68 mmol),
N,N-diethylethanamine (0.13 ml, 0.9 mmol) and N,N-dim-
ethylpyridin-4-amine (2.75 mg, 0.02 mmol) and the suspen-
sion stirred at 45° C. for 4-5 h. The reaction mixture was
diluted with DCM, concentrated on to silica (1.5 g) and
purified by chromatography on SiO, eluting with Heptane/
EtOAc (gradient 100:0-70:30), followed by DCM/MeOH
(gradient 100:0-45:55), to afford the title compound (102
mg, 80%) as a colourless glass.

[0753] Method B: LC-MS m/z=284.0 [M+H]*; RT=1.02
min

Step 3: Synthesis of 2-{4-[4-(trifluoromethyl)piperi-
dine-1-carbonyl]pyridin-2-y1}-3H,4H-thieno[3,2-d]
pyrimidin-4-one
[0754]

EV-AR7027-002

Z N

[0755] To a solution of 4-[4-(trifluoromethyl)piperidine-
1-carbonyl|pyridine-2-carbonitrile (0.1 g, 0.36 mmol) and
methyl 3-aminothiophene-2-carboxylate (0.06 g, 0.4 mmol)
in THF (2.5 mL) at 0° C. under an atmosphere of nitrogen
was added potassium tert-butoxide (0.04 g, 0.4 mmol) and
stirred at 0° C.—r.t. for 3 h. The reaction mixture was
concentrated in vacuo, diluted with saturated ammonium
chloride (5 mL) and water and stirred at r.t. The mixture was
extracted with DCM (x2), followed by EtOAc, and the
combined organic extracts dried over Na,SO, and concen-
trated in vacuo. The crude residue was stirred in diethyl ether
(9 mL) for 30 mins at r.t. and the resultant solid was filtered,
washing with diethyl ether (x2) and dried under vacuum to
yield the title compound (58 mg, 38.6%) as a white solid.
[0756] Method C: LC-MS m/z=409.1 [M+H]*; RT=2.75
min

BExample 225—Synthesis of 2-(4-{[4-(trifluorom-
ethyl)piperidin-1-yl]sulfonyl}pyridin-2-y1)-3H,4H,
5H,6H,7H-cyclopenta[d]pyrimidin-4-one
[0757]

N
N N //O
A
NH O
0

Q-522 (EV-AR7028-002)
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[0758] In a pressure tube palladium(Il) acetate (0.01 g,
0.03 mmol), N,N,N-tributylbutan-1-aminium bromide (182
mg, 0.56 mmol), triphenylphosphine (20 mg, 0.08 mmol),
sodium formate (77 mg, 1.13 mmol), 1,10-phenanthroline
hydrate (1:1) (0.02 g, 0.08 mmol) and dipotassium oxido-
sulfanesulfonate oxide (0.23 g, 1.03 mmol) were stirred
vigorously in anhydrous DMSO (3 mL), under an atmo-
sphere of nitrogen before 2-(4-bromopyridin-2-y1)-3H,4H,
SH,6H,7H-cyclopenta[d]pyrimidin-4-one (Example 223
step 2)(0.15 g, 0.51 mmol) was added and the vessel sealed
and heated at 70° C. for 3 h. The reaction mixture was cooled
to r.t., diluted with MeOH (5 mL) and stirred for 5-10 mins.
The mixture was filtered through a small pad of Celite®,
washing with MeOH (3x2 mL), concentrated in vacuo and
triturated with diethyl ether (2x4 ml.). The resulting solid
was azeotroped with toluene, cooled to 0° C. and treated
with 4-(trifluoromethyl)piperidin-1-ium chloride (0.11 g,
0.56 mmol), DIPEA (223.59 ul, 1.28 mmol) and 1-chloro-
pyrrolidine-2,5-dione (41.55 pul, 0.51 mmol) in DMF (1 mL)
and stirred at r.t. for 72 h. The reaction mixture was diluted
with water (10 mL), extracted with EtOAc (3x25 mL) and
the combined extracts washed with water (x4) and brine.
The organics were dried over Na,SO,, concentrated in
vacuo and triturated with ether. The solid was suspended in
MeOH (~4-5 mL) and heated to dissolution. The solution
was concentrated in vacuo and triturated with ether to afford
the title compound (96 mg, 44%) as a pale yellow solid.

[0759] Method C: LC-MS m/z=429.1 [M+H]*; RT=3.15
min

Example 226—Synthesis of 2-[4-(cyclopentyloxy)-
1H-pyrazol-1-y1]-3H,4H,5H,6H,7H-cyclopenta[d]
pyrimidin-4-one

[0760]

Q-529 (EV-AQ8881-001)

NH

LA
N Il\I o
N,

[0761] To a solution of 2-chloro-3H,4H,5H,6H,7H-cyclo-
penta[d]|pyrimidin-4-one (Example 193 step 1, 74 mg, 0.43
mmol) and 4-(cyclopentyloxy)-1H-pyrazole (85 mg, 0.46
mmol) in DMF (3 mL) was added cesium carbonate (434
mg, 1.33 mmol). The mixture was irradiated at 170° C. in the
microwave for an hour. After a further 1 hour under these
conditions the cooled reaction mixture was diluted with HC1
(1M 20 mL) and extracted with EtOAc (20 mL), the organic
fraction was dried (MgSO,), concentrated under vacuum
and purified by PERP-HPLC (method G) to yield the title
compound (32 mg, 26%) as a as a colourless powder.

[0762] Method C: LC-MS m/z=287.1 [M+H]*; RT=3.10
min
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Example 227—Synthesis of
2-(piperidin-4-yl)butanenitrile hydrochloride

Step 1: Synthesis of tert-butyl
4-(1-cyanopropyl)piperidine-1-carboxylate

[0763]

NC

pos

[0764] 2.5 M n-BulLi in THF (0.28 mL, 0.7 mmol) was
added to a solution of diisopropylamine (54 mg, 0.536
mmol) in THF (2 mL) at -78° C. The solution was stirred for
30 min and then a solution of tert-butyl 4-(cyanomethyl)
piperidine-1-carboxylate (100 mg, 0.446 mmol) was added
dropwise at —=78° C. The resulting solution was stirred for 1
h and iodoethane (83.6 mg, 0.536 mmol) was added. The
reaction mixture was stirred overnight. The reaction was
quenched with sat. NH,CI (5 mL), extracted with EtOAc (30
mlx2), the combined organics were dried over Na,SO,,
concentrated to yield the product (110 mg, 98% yield) which
was used in the next step without purification.

[0765] LC-MS: m/z=197 (M-55)+, RT=1.70 min.

Step 2: Synthesis of 2-(piperidin-4-yl)butanenitrile
hydrochloride

[0766]

HC

[0767] 4.0 M HCI in dioxane (2 ml.) was added to a
solution of tert-butyl 4-(1-cyanopropyl) piperidine-1-car-
boxylate (110 mg, 0.436 mmol) in DCM (2 mL). The
solution was stirred at r.t for 4 h. Then the reaction was
removed the solvent to yield the product (85 mg, 99%) as
white solid.

[0768] LC-MS: m/z=153 (M+H)+
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Example 228—Synthesis of Example 229—Synthesis of 2-(5-(4-(trifluorom-
4-ethylpiperidine-4-carbonitrile hydrochloride ethyl)piperidine-1-carbonyl)thiophen-2-y1)-6,7-di-
hydro-3H-cyclopenta[d]pyrimidin-4(5H)-one
Step 1: Synthesis of tert-butyl (Q-609)
4-cyano-4-ethylpiperidine-1-carboxylate [0775]
[0769]
< > J
Cl
HO
N\\ =N NaH, THF
\ /> c Step 1
N
N /—< >—O
)\ >< g CF;COO0H
—_—
Y Y —N Step 2
\ />—Cl
N
[0770] 2.5 M n-Buli in THF (7.2 mL, 18 mmol) was o
added to a solution of diisopropylamine (1.818 g, 18 mmol)
in THF (20 mL) at —78° C. The solution was stirred for 30 0 (HO),B 8
min and then the solution was added to the solution of NH \ / Of
tert-butyl 4-cyanopiperidine-1-carboxylate (3.15 g, 15 ol
mmol) in THF (40 mL) dropwise at —78° C. The resulting \ / Pd(PPhy), Na,CO3 (2N), DME
solution was stirred for 1 h and iodoethane (83.6 mg, 0.536 N Step 3
mmol) was added. The reaction mixture was stirred over-
night. The reaction was quenched with sat. NH,C1 (10 mL) HClHN
and water (20 mL), extracted with EtOAc (50 m[.x2), the Q
combined organics were dried over Na,SO,, concentrated to NH O CF,
yield the product (3.4 g, 95.2% yield) which used in the next S
. . . / HATU, HOAT
step without purification. \ K \ / OH Sten 4
ep
[0771] LC-MS: m/z=183 (M-55)+, RT=1.879 min.
O,
Step 2: Synthesis of 4-ethylpiperidine-4-carbonitrile NH ?
hydrochloride S
N
[0772] \ /
CF;

N Q-609

Step 1: Synthesis of 2-chloro-4-(4-methoxybenzy-
loxy)-6,7-dihydro-5SH-cyclopenta[d]pyrimidine

[0776]

< > S
[0773] 4.0 M HCI in dioxane (10 mL) was added to the O

solution of tert-butyl 4-cyano-4-ethylpiperidine-1-carboxy-

late (3.4 g, 14.3 mmol) in DCM (10 mL). The solution was =X
stirred at r.t. overnight. Then the reaction was removed the \ i
solvent to yield the product (2.48 g, 99%) as pale white

solid.

[0774] LC-MS: m/z=139 (M+H)+, RT=1.076 min.
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[0777] Toa 100 mL of RBF was added (4-methoxyphenyl)
methanol (460 mg, 3.33 mmol), 15 mL of THF and NaH
(60%) (160 mg, 4.0 mmol). The mixture was stirred at r.t. for
30 min. Then 2,4-dichloro-6,7-dihydro-5H-cyclopenta[d]
pyrimidine (600 mg, 3.19 mmol) was added and the mixture
was stirred at r.t. for 3 h. The reaction mixture was treated
with water (20 ml) and extracted with EtOAc (100 ml). The
organic layer was concentrated and purified by combiflash
(isco, silica gel, UV 254, 40 g, EA/PE=1/10) to give product.
LC-MS: m/z=291 (M+H)+, RT=2.012 min.

Step 2: Synthesis of 2-chloro-6,7-dihydro-3H-cy-
clopenta[d]pyrimidin-4(5H)-one

[0778]
@]
NH
\ e
N
[0779] To a 100 mL of RBF was added 2-chloro-4-(4-

methoxybenzyloxy)-6,7-dihydro-5SH-cyclopenta|d]pyrimi-
dine (350 mg, 1.2 mmol), 8 mLL of DCM and 2 ml of
CF3COOH. The mixture was stirred at r.t. for 3 h. The
reaction mixture was treated with TEA until pH=S8 and then
purified by combiflash (isco, silica gel, UV 254, 40 g,
EA/PE=1/1) to give product. LC-MS: m/z=171 (M+H)+,
RT=1.246 min.

Step 3: Synthesis of 5-(4-0x0-4,5,6,7-tetrahydro-
3H-cyclopenta[d]pyrimidin-2-yl)thiophene-2-car-
boxylic acid

[0780]

(6]
NH @
\ I~
OH
o\

[0781] To a 100 mL of RBF was added 2-chloro-6,7-
dihydro-3H-cyclopenta[d]pyrimidin-4(5H)-one (100 mg,
0.58 mmol), 5-boronothiophene-2-carboxylic acid (350 mg,
2.03 mmol), 3 mL of DME, 1.5 mL of EtOH, 0.5 mL of
Na,CO, (2N) and Pd(PPh;), (100 mg, 0.086 mmol). The
mixture was stirred at 110° C. for 1 h. Then the reaction
mixture was purified by combi flash (isco, silica gel, UV

254, 20 g, MeOH/DCM=1/20) to give product LC-MS:
m/7z=263 (M+H)+, RT=1.358 min.

Step 4: Synthesis of 2-(5-(4-(trifluoromethyl)piperi-
dine-1-carbonyl)thiophen-2-y1)-6,7-dihydro-3H-
cyclopenta[d]pyrimidin-4(5H)-one

[0782]

[0783] To a 100 ml of RBF was added 5-(4-oxo-4,
5,6,7-tetrahydro-3H-cyclopenta|d]pyrimidin-2-yl)thio-
phene-2-carboxylic acid (80 mg, 0.30 mmol), 4-(trifluorom-
ethyl)piperidine hydrochloride (60 mg, 0.31 mmol), HOAT
(40 mg, 0.30 mmol), HATU (80 mg, 0.34 mmol), 5 ml of
THF and 0.05 ml of TEA. The mixture was stirred at r.t. for
16 h. Then the reaction mixture was purified by combi flash
(isco, silica gel, UV 254, 20 g, MeOH/DCM=1/20) to give
product. LC-MS (method C"): m/z=398 (M+H)+, RT=1.703
min.

Example 230—Synthesis of 2-(3-(4-(trifluorom-
ethyl) piperidine-1-carbonyl) phenyl)-6,7-dihydro-
3H-cyclopenta[d]pyrimidin-4(5H)-one (Q-593)

[0784]

OH

O,

HO),B
NI (HO)>

\ N/>7Cl

Pd(PPhs)4, K,CO3, DME
Step 1

HCl
O HN

O,
NH CF;
HATU, HOAT
\ N/ Step 2
O,
3 NC>7 o

NH

\ 7
N

Q-593
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Step 1: Synthesis of 3-(4-0x0-4,5,6,7-tetrahydro- -continued
3H-cyclopenta[d]pyrimidin-2-yl)benzoic acid

(0]
[0785] OH Conc. HySO4
B ———
HO MeOH
80°C.,2h

o fo) o step 2
NH
\ OH 0
V4
fo) NaOMe
N \O ™~ THF
i, 12h
o step 3
[0786] To a 100 mL of RBF was added 2-chloro-6,7-
dihydro-3H-cyclopenta[d]pyrimidin-4(5H)-one (90 mg, -
0.53 mmol), 3-boronobenzoic acid (200 mg, 1.20 mmol), S

K,CO; (120 mg, 0.87 mmol), 5 mL of dioxane, 1 mL of

water and Pd(PPh;), (40 mg, 0.034 mmol). The mixture was HN)\NHZ
stirred at 100° C. for 40 h. Then the reaction mixture was ~oco o
purified by combiflash (isco, silica gel, UV 254, 20 g, azn 132,h 2

MeOH/DCM=1/10) to give product. LC-MS: m/z=257
(M+H)+, RT=0.994 min. step 4

Step 2: Synthesis of 2-(3-(4-(trifluoromethyl)piperi-
dine-1-carbonyl)phenyl)-6,7-dihydro-3H-cyclopenta

/

[0788] To a 100 mL of RBF was added 3-(4-ox0-4,5,6,7- AcOH, EtOH
tetrahydro-3H-cyclopenta[d]pyrimidin-2-yl)benzoic  acid H, 50°C.,2h
(60 mg, 0.23 mmol), 4-(triftuoromethyl)piperidine hydro- step 6
chloride (50 mg, 0.26 mmol), HOAT (40 mg, 0.30 mmol),

HATU (60 mg, 0.25 mmol), 3 ml of THF and 0.05 ml of

TEA. The mixture was stirred at r.t. for 16 h. Then the

reaction mixture was purified by combiflash (isco, silica gel,
UV 254, 20 g, MeOH/DCM=1/20) to give product. LC-MS
(method G"): m/z=392 (M+H)+, RT=1.608 min.
)\ _NaOH _
Example 231—Synthesis of 2-(4-(3-(3,3-difluoro- N :§_< THF/H,O

[d]pyrimidin-4(5H)-one NENH»HO
EtOH
[0787] 90°C, 12h
step 5
Q @]
NH N O O
\ / CF;
N / 0—
><:6k =

pyrrolidin-1-yl)azetidine-1-carbonyl)-5-methyl-1H- 397G 3h
pyrazol-1-y1)-6,6-dimethyl-6,7-dihydro-3H-cyclo- N
penta[d]|pyrimidin-4(5H)-one (Q-1564)

step 7

[0789]
0
0
HATU
—_—
KMnO, )\ HOAt
_ =
NaOTI, 0 N step 8
1,48 h N
OH

step 1
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| NH
N)\N P
L
3
N
(X
F
Q-1564

Step 1: Synthesis of 3,3-dimethylhexanedioic acid

[0790]
(€]
OH
HO
(6]
[0791] 4,4-dimethylcyclohexanone (9 g, 71.3 mmol) and

KMnO, (22.5 g, 142.6 mmol) were taken up in 450 mL of
H,O. To this, an aqueous solution of NaOH (1 g, 25 mmol)
in 10 mL of H,O was added at r.t. This mixture was stirred
at r.t. for 48 hrs. Aqueous sodium bisulfate was then added
until the purple color disappeared. A brown solid was filtered
off, and the filtrate was brought to pH=2 with conc. HCI. The
solution was extracted with EtOAc (150 mLx2). The com-
bined organics were dried and concentrated to yield the
product. LC-MS: m/z=175.1 (M+H)+, RT=0.35 min.

Step 2: Synthesis of dimethyl
3,3-dimethylhexanedioate

[0792]
(€]
O
~o ~
(6]
[0793] To a solution of 3,3-dimethylhexanedioic acid (7.8

g, 44.8 mmol) in MeOH (100 mL) was added conc. H,SO,
(1 g, 10 mmol). The mixture was stirred at 80° C. for 2 hrs
and concentrated. NaHCO; solution was added to the resi-
due to pH=7. The mixture was extracted with EtOAc (50
ml.x2). The combined organic layers were dried over
Na,SO, and concentrated under vacuum to yield the prod-
uct. LC-MS: m/z=203.1 (M+H)+, RT=1.89 min.
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Step 3: Synthesis of methyl
4,4-dimethyl-2-oxocyclopentanecarboxylate
[0794]
O,
O,
—0

[0795] The mixture of Na (230 mg, 10 mmol) in MeOH (8
ml) was stirred at r.t. for 5 minutes. Dimethyl 3,3-dimeth-
ylhexanedioate (1 g, 5 mmol) was added. The mixture was
stirred at r.t. for 30 minutes and concentrated under vacuum
to remove MeOH. THF (8 mL) was added to the residue, and
the mixture was stirred at r.t. for 12 hrs. The mixture was
poured into H,O (20 mL). HC] (2N) was added to pH=7.
The mixture was extracted with EtOAc (50 mLx2). The
organic layers were concentrated and purified by column
(silica gel, PE/EtOAc=1/1) to yield the product. LC-MS:
m/z=171.1 (M+H)+, RT=1.77 min.

Step 4: Synthesis of 6,6-dimethyl-2-(methylthio)-6,
7-dihydro-3H-cyclopenta[d]pyrimidin-4(5H)-one

[0796]
(€]
| NH
N/ S/
[0797] To a solution of methyl 4,4-dimethyl-2-oxocyclo-

pentanecarboxylate (750 mg, 4.4 mmol) in H,O (20 mL)
was added methyl carbamimidothioate (594 mg, 6.6 mmol)
and Na,CO; (1.87 g, 17.6 mmol). The mixture was stirred at
r.t. for 12 hrs. The mixture was extracted with EtOAc (20
ml.x2). The organic layers were concentrated and purified
by column (silica gel, PE/EtOAc=2/1) to yield the product.
LC-MS: m/z=211.1 (M+H)+, RT=1.61 min.

Step 5: Synthesis of 2-hydrazinyl-6,6-dimethyl-6,7-
dihydro-3H-cyclopenta[d]pyrimidin-4(5H)-one

[0798]
(€]
| NH
N)\g/NH2
[0799] To a solution of 6,6-dimethyl-2-(methylthio)-6,7-

dihydro-3H-cyclopenta[d]pyrimidin-4(5H)-one (250 mg,
1.2 mmol) in EtOH (5 mL) was added NH,NH,.H20 (1
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ml). The mixture was stirred at 90° C. for 12 hrs and
concentrated under vacuum to yield the product which was
used in next step directly without purification. LC-MS:
m/7z=195.2 (M+H)+, RT=1.23 min.

Step 6: Synthesis of methyl 1-(6,6-dimethyl-4-oxo-
4,5,6,7-tetrahydro-3H-cyclopenta[d|pyrimidin-2-y1)-
5-methyl-1H-pyrazole-4-carboxylate

[0800]
(€]
| NH
N)\N /
B
N O
[0801] To a solution of 2-hydrazinyl-6,6-dimethyl-6,7-

dihydro-3H-cyclopenta[d]pyrimidin-4(5H)-one (230 mg,
1.2 mmol) in EtOH (5 mL) was added (Z)-methyl 2-((dim-
ethylamino)methylene)-3-oxobutanoate (246 mg, 1.4 mmol)
and AcOH (0.5 mL). The mixture was stirred at 50° C. for
2 hrs and concentrated under vacuum. The crude residue was
purified by column (silica gel, PE/EtOAc=1/3) to yield the
product. LC-MS: m/z=303.1 (M+H)+, RT=1.99 min.

Step 7: Synthesis of 1-(6,6-dimethyl-4-ox0-4,5,6,7-
tetrahydro-3H-cyclopenta[d|pyrimidin-2-y1)-5-
methyl-1H-pyrazole-4-carboxylic acid

[0802]
(€]
| NH o
)\
N N \
\ on
N—
[0803] To a solution of methyl 1-(6,6-dimethyl-4-oxo0-4,

5,6,7-tetrahydro-3H-cyclopenta[d]
methyl-1H-pyrazole-4-carboxylate (140 mg, 0.5 mmol) in
THF (5 mL) was added a solution of NaOH (60 mg, 1.5
mmol) in H,O (3 mL). The mixture was stirred at 35° C. for
3 hrs and concentrated under vacuum to remove THEF.
EtOAc (10 mL) was added to extract the impurity. The
aqueous phase was adjusted to pH=4 with HC1 (2N). The
solid was filtered to yield the product. LC-MS: m/z=289.1
(M+H)+, RT=1.11 min.

pyrimidin-2-y1)-5-
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Step 8: Synthesis of 2-(4-(3-(3,3-difluoropyrrolidin-
1-yDazetidine-1-carbonyl)-5-methyl-1H-pyrazol-1-
yD)-6,6-dimethyl-6,7-dihydro-3H-cyclopenta[d]py-

rimidin-4(5H)-one

[0804]
O
| NH o
)\
N N \
\ N
N= q
N
Q<F
F
[0805] To a solution of 1-(6,6-dimethyl-4-0x0-4,5,6,7-tet-

rahydro-3H-cyclopenta|d]pyrimidin-2-y1)-5-methyl-1H-
pyrazole-4-carboxylic acid (49 mg, 0.17 mmol) in THF (6
ml) was added NMM (68 mg, 0.68 mmol), HATU (76 mg,
0.2 mmol), HOAt (26 mg, 0.2 mmol) and 1-(azetidin-3-yl)-
3,3-diftuoropyrrolidine (46 mg, 0.2 mmol). The mixture was
stirred at r.t. for 2 hrs and concentrated under vacuum. The
residue was purified by Prep-HPL.C (NH,HCO,) to yield the
product. LC-MS (method J'): m/z=433.2 (M+H)+, RT=1.46
min.

Example 232—Synthesis of 2-(2-methyl-3-(4-(trif-
luoromethyl) piperidine-1-carbonyl)-1H-pyrrol-1-
y1)-6,7-dihydro-3H-cyclopenta[d]pyrimidin-4(SH)-

one) (Q-622
[0806]
O
HN \ LiOH-H,O
dioxane, H,O

100°C.,4h

e} —\
step 1

HN
F
HN 2 F !
N\ HATU, DIPEA
~ DMEF, r.t.

OH
step 2
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-continued PE/EtOAc=1/2, silica gel) to give the title compound. LC-
G MS: m/z=261.1 (M+H)+, RT=1.62 min.

Step 3: Synthesis of 2-(2-methyl-3-(4-(trifluorom-

NH
| )\ ethyl)piperidine-1-carbonyl)-1H-pyrrol-1-y1)-6,7-
N Cl dihydro-3H-cyclopenta[d]pyrimidin-4(5H)-one
F Cs,CO3, L-proline

tep 3 [0811]

Cul, DMF, 140° C

O e fo)
NH NH
\ M~CT
F /N, F
N e
F
F
Q-622
[0812] To the solution of 2-chloro-6,7-dihydro-3H-cyclo-
pental[d]|pyrimidin-4(5SH)-one (90 mg, 0.53 mmol) and
Step 1: Synthesis of (2-methyl-1H-pyrrol-3-y1)(4-(trifluoromethyl)piperidin-1-
2-methyl-1H-pyrrole-3-carboxylic acid ylmethanone (164 mg, 0.63 mmol) in DMF (2 mL) were

added Cs,CO; (344 mg, 1.06 mmol), L-proline (30 mg, 0.26
mmol) and Cul (50 mg, 0.26 mmol). The reaction mixture
was stirred at 140° C. for 15 h. The mixture was purified by
pre-HPLC (high pH) to give the title compound. LC-MS
(method G"): m/z=395.0 (M+H)+, RT=1.42 min.

[0807]

Example 233—Synthesis of 5-methyl-1-(4-o0x0-4, 5,
6, 7-tetrahydro-3H-cyclopental d|pyrimidin-2-y1)-4-
(4-(triftuoromethyl) piperidine-1-carbonyl)-1H-pyra-
[0808] To the solution of ethyl 2-methyl-1H-pyrrole-3- zole-3-carboxamide (Q-1884)
carboxylate (785 mg, 5.12 mmol) in dioxane (8 mL) was

added a solution of lithium hydroxide (1.08 g, 25.62 mmol) [0813]

in H,O (8 mL). After addition, the reaction mixture was

stirred under refluxed for 4 h. The mixture was partitioned

with EtOAc and HCl (1M, a.q.). The organic phase was

washed with brine, dried over Na,SO, and concentrated to N
get the title compound. LC-MS: n/z=126.2 (M+H)+, RT=0. 0 <
32 min.
o) cl e
Step 2: Synthesis of (2-methyl-1H-pyrrol-3-y1)(4- TSI,\feiclN

(trifluvoromethyl)piperidin-1-yl)methanone

e} )I\
Zn(acac),* XHzo
DCM,R.T,2h
= N Step 2
HN F

/
"~ Cﬁ“
/
[0810] To the solution of 2-methyl-1H-pyrrole-3-carbox-

ylic acid (100 mg, 0.8 mmol) and 4-(trifluoromethyl)piperi- EtOH, reﬂux,ls h
dine (147 mg, 0.96 mmol) in DMF (2 ml) were added Step 3
HATU (456 mg, 1.2 mmol) and DIPEA (206 mg, 1.6 mmol).

The reaction mixture was stirred at r.t. for 15 h. The mixture

was concentrated and purified by SGC (eluting with
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o 0
7M NH3/MeOH
NH
== (0] sealed tube,
\ />7N 50 16 h
N \N/ OB Step 4
o)
o 0
TFA/DCM
—_—
NH S 0 RT,3h
/>7N Step 5
\ X \N/ NH,
o)
0 HO HCl
NH . AN CF;
o)
\ 7 N NH,  HOAUVHATU/NMM
N N 2 DMF,R.T,2h
Step 6
0 °
0
LN
0
=N
I
\_N_ _N
—N Y
4> HN |
N
/
FsC 0
Q-1884

Step 1: Synthesis of Benzyl Cyanoformate

[0814]
(€]
O)]\CN
[0815] Benzyl chloroformate (5 g, 0.029 mol) and 1,

4-diazabicyclo [2.2.2] octane (22 mg; 0.20 mmol) were
added to a dry reaction vessel under a dry nitrogen atmo-
sphere. Trimethylsilyl nitrile (2.9 g, 0.029 mol) was added
dropwise over about 1 hr. The mixture was maintained at
between 20° C.-30° C. until the reaction reached completion
in about 3 hr. After distilling off the trimethylsilyl chloride,
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4.3 g of crude product was obtained, which was used directly
in the next step. GC-MS: m/z=161 M+, RT=9.249 min.

Step 2: Synthesis of 4-benzyl 1-tert-butyl
2-acetyl-3-aminofumarate

[0816]
(6]
NH,
T
(6]
O O\K
[0817] To a solution of tert-butyl 3-oxobutanoate (982 mg,

6.22 mmol and benzyl cyanoformate (1 g, 6.21 mmol) in
DCM (3 mL) was added zinc(Il) acetyl acetonate (82 mg,
0.31 mmol) and the reaction mixture was stirred at r.t. for 2
h. The reaction mixture was evaporated, and the residue was
taken up in Et,O (20 mL) and the suspension was filtered
over celite. The cake was washed with Et,O (15 mL) and the
filtrate evaporated. The residue was purified by silica gel
chromatography (PE/EA=12/1) to afford the title compound.
LC-MS: m/z=342 (M+Na)+, RT=1.596 min.

Step 3: Synthesis of 3-benzyl 4-tert-butyl 5-methyl-
1-(4-0x0-4, 5, 6, 7-tetrahydro-3H-cyclo-penta
[d]pyrimidin-2-yl)-1H-pyrazole-3, 4-dicarboxylate

[0818]
(6]
(6]
NH
=
\ /X 0
N e
OBn
(6]
[0819] To a solution of 4-benzyl 1-tert-butyl 2-acetyl-3-

aminofumarate (575 mg, 1.80 mmol) in 5 mL of EtOH was
added 2-hydrazinyl-6,7-dihydro-3H-cyclopenta|d]pyrimi-
din-4(5H)-one (300 mg, 1.81 mmol). The suspension was
heated to reflux for 15 h. After being cooled to r.t., the
suspension was filtered and the filtrate was concentrated.
The residue was purified by silica gel chromatography using
(PE/EA=12/1) to afford the title compound. LC-MS:
m/z=395 (M-55)+, RT=2.188 min.
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Step 4: Synthesis of tert-butyl 3-carbamoyl-5-
methyl-1-(4-ox0-4, 5, 6, 7-tetrahydro-3H-cyclo-
penta [d]pyrimidin-2-y1)-1H-pyrazole-4-carboxylate

[0820]

(6]

(6]
NH
e
N (6]
N \ =
N NH,
(6]

[0821] A solution of 3-benzyl 4-tert-butyl 5-methyl-1-(4-

oxo-4, 5, 6, 7-tetrahydro-3H-cyclopenta|d]pyrimidin-2-yl)-
1H-pyrazole-3,4-dicarboxylate (440 mg, 0.98 mmol) in 8
ml of 7 M NH; solution in MeOH was put into a sealed tube
and heated at 50° C. for 15 h. After being cooled to r.t., the
solution was concentrated to give title compound. LC-MS:
m/z=304 (M-55)+, RT=1.504 min.
Step 5: Synthesis of 3-carbamoyl-5-methyl-1-(4-
oxo-4, 5, 6, 7-tetrahydro-3H-cyclopenta[d]-pyrimi-
din-2-yl)-1H-pyrazole-4-carboxylic acid

[0822]
HO
O,
NH 0
NS
N
\ /) \ =
N N NH,
(6]
[0823] To a solution of tert-butyl 3-carbamoyl-5-methyl-

1-(4-0x0-4,5,6,7-tetrahydro-3H-cyclopenta-[d]pyrimidin-2-
yD)-1H-pyrazole-4-carboxylate (30 mg, 0.084 mmol) in 2
mL of DCM was added 1 mL of TFA and the mixture was
stirred at r.t. for 3 h. Then the reaction mixture was diluted
with toluene and concentrated to give the desired product.
LC-MS: m/z=304 (M+H)+, RT=0.407 min.

Step 6: Synthesis of 5-methyl-1-(4-ox0-4, 5, 6,
7-tetrahydro-3H-cyclopenta[d]pyrimidin-2-y1)-4-(4-
(trifluvoromethyl) piperidine-1-carbonyl)-1H-pyra-
zole-3-carboxamide

[0824]
O
H,N
O,

=N

I

N N

et
o
F;C
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[0825] To a mixture of 3-carbamoyl-5-methyl-1-(4-ox0-4,
5, 6, 7-tetrahydro-3H-cyclopenta[d]|pyramidin-2-y1)-1H-
pyrazole-4-carboxylic acid (26 mg, 0.084 mmol) and 4-(tri-
fluoromethyl) piperidine hydrochloride (16 mg, 0.084
mmol) in 2 ml. of DMF was added NMM (0.05 mL, 0.45
mmol), HOAt (14 mg, 0.10 mmol) and HATU (38 mg, 0.10
mmol). The reaction mixture was stirred at r.t. for 2 h and
filtered. The filtrate was purified by prepared HPLC
(NH,HCO;) to give the desired product. LC-MS (method
FY: m/z=439 (M+H)+, RT=1.356 min.

Example 234—Synthesis of 6-fluoro-2-(4-(4-(trif-
luoromethyl)piperidine-1-carbonyl)-1H-pyrazol-1-
yDpyrrolo[1,2-f][1,2,4]triazin-4(3H)-one (Q-616)

[0826]
HCI HATU,
HN HOAT
h o~ tep 1
HN step
\ o CF3
N
O
S N
HN
\ =
CF,
O F F
N DAST N HCL
Boc” % step 2 Boc” A step 3
(¢?\\i dé?\\i
F F F
/
MnO, NH,ClI
HN 2, N/ =
% step 4 step 5
/0 0
o A
O
F
NCS
=
-~ N / THF
H,N
step 6

F

O)(E\NJSI\N/N /
o] O\

NaOH (2 N)
e
step 7
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NH Mel, THF
— step 8
N N\N)\SH
(@]

Hzoz, HOAc

>\ / step 9
N\N

e geN

N\N% 4

Cs,CO3, NMP, 170° C
step 10

L,

Q-616

Step 1: (1H-pyrazol-4-yl)(4-(trifluoromethyl)piperi-
din-1-yl)methanone
[0827]

0
— N
HN
\ =
N CF

[0828] To a 100 mL of RBF was added 1H-pyrazole-4-
carboxylic acid (500 mg, 4.46 mmol), 4-(trifluoromethyl)
piperidine hydrochloride (1.0 g, 5.29 mmol), HATU (1.2 g,
5.10 mmol), HOAT (700 mg, 5.14 mmol), 40 ml. of THF
and 2 mL of TEA. The mixture was stirred at RT for 16 h.
The reaction mixture was concentrated and purified by
combiflash (isco, silica gel, UV 254, 40 g, MeOH/DCM=1/
10) to give product LC-MS: m/z=248 (M+H)+, RT=1.434
min.
Step 2: Synthesis of (R)-1-tert-butyl 2-methyl
4,4-difluoropyrrolidine-1,2-dicarboxylate
[0829]
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[0830] To a 500 mL of RBF was added (R)-1-tert-butyl
2-methyl 4-oxopyrrolidine-1,2-dicarboxylate (4.0 g, 16.4
mmol) and 200 mL. of DCM. The mixture was cooled to 0°
C. and DAST (24.0 g, 150.0 mmol) in 100 ml of DCM was
added drop wise over 1 h. Then the mixture was stirred at r.t.
for 16 h. The reaction mixture was treated with NaHCO,
(aq) and extracted with DCM (300 ml), the organic layer was
concentrated to give product. LC-MS: m/z=166 (M-100)+,
RT=0.344 min.

Step 3: Synthesis of (R)-methyl
4 4-difluoropyrrolidine-2-carboxylate
[0831]

aantt

O/\ O\

[0832] To a 100 mL of RBF was added (R)-1-tert-butyl
2-methyl 4,4-difluoropyrrolidine-1,2-dicarboxylate (4.0 g,
15.1 mmol) and 40 mL, of HC1 (4 M in dioxane). The mixture
was stirred at RT for 16 h. Then the reaction mixture was
concentrated to give product. LC-MS: m/z=166 (M+H)+,
RT=0.347 min.

Step 4: Synthesis of methyl
1-amino-4-fluoro-1H-pyrrole-2-carboxylate

[0833]

[0834] To a 250 mL of RBF was added (R)-methyl 4,4-
difluoropyrrolidine-2-carboxylate (2.4 g, 14.5 mmol) in 80
ml of THF was added 24 g of MnO,. The mixture was stirred
at 70° C. for 16 h. The reaction mixture was filtered and the
filtrate was concentrated and purified by combiflash (isco,
silica gel, UV 254, 40 g, EA/PE=1/3) to give product.
LC-MS: m/z=144 (M+H)+, RT=1.528 min.

Step 5: Synthesis of methyl
1-amino-4-fluoro-1H-pyrrole-2-carboxylate

[0835]
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[0836] To a 500 mL of RBF was added NH,C1 (6.0 g, 112
mmol) in 200 ml of Et,O. The mixture was cooled to -5° C.
and 9.4 ml of NH,OH was added drop wise with vigorous
stirring. Then 145 ml of NaClO was added drop wise over
2 h. The mixture was stirred for 15 min and the layer was
separated. The organic layer was washed with brine and
dried with CaCl, and used in the next step without further
purification. Then to a 100 ml of RBF was added methyl
4-fluoro-1H-pyrrole-2-carboxylate (1.7 g, 11.8 mmol) and
30 ml of DMF. The mixture was cooled to 0° C. and NaH
(60%) (600 mg, 15.0 mmol) was added. After 45 min, the
previously prepared NH,Cl (100 ml) was added dropwise.
The mixture was stirred at r.t. for 2 h. The reaction mixture
was extracted with EtOAc (200 ml), the organic layer was
concentrated and purified by combiflash (isco, silica gel, UV
254, 40 g, EA/PE=1/5) to give product. LC-MS: m/z=159
(M+H)+, RT=1.49 min.

Step 6: Synthesis of methyl 1-(3-benzoylthiou-
reido)-4-fluoro-1H-pyrrole-2-carboxylate

[0837]
F
S =
Ay
N N~
H H
(@]
o\
[0838] To a 250 mL of RBF was added methyl 1-amino-

4-fluoro-1H-pyrrole-2-carboxylate (1.7 g, 10.76 mmol), 80
ml of THF and benzoyl isothiocyanate (1.8 g, 11.04 mmol).
The mixture was stirred at RT under N, for 16 h. The
reaction mixture was concentrated and purified by combi
flash (isco, silica gel, UV 254, 40 g, EA/PE=1/4) to give
product. LC-MS: m/z=322 (M+H)+, RT=1.823 min.

Step 7: Synthesis of 6-fluoro-2-mercaptopyrrolo
[1,2-][1,2,4]triazin-4(3H)-one

[0839]
(6]
NH
—
N
F
[0840] To a 100 mL of RBF was added methyl 1-(3-

benzoylthioureido)-4-fluoro-1H-pyrrole-2-carboxylate (1.5
g, 4.67 mmol) and 10 ml of NaOH (2N). The mixture was
stirred at 85° C. under N, for 1.5 h. The reaction mixture was
cooled to 0° C. and EtOH (5 ml), HOAc (2 ml) was added
and stirred at r.t. for 30 min. The reaction mixture was
filtered and washed with Et,O (20 ml) to give product.
LC-MS: m/z=186 (M+H)+, RT=0.67 min.
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Step 8: Synthesis of 6-fluoro-2-(methylthio)pyrrolo
[1,2-f][1,2,4]triazin-4(3H)-one

[0841]
(@]
NH
I~
N
F
[0842] To a 100 mL of RBF was added 6-fluoro-2-mer-

captopyrrolo[1,2-f][1,2,4]triazin-4(3H)-one (700 mg, 3.78
mmol) and 20 ml of THF was added Mel (700 mg, 4.92
mmol). The mixture was stirred at 45° C. under N, for 1 h.
The reaction mixture was treated with NaHCO,; (aq) and
filtered to give product. LC-MS: m/z=200 (M+H)+, RT=1.
551 min.

Step 9: Synthesis of 6-fluoro-2-(methylsulfonyl)
pyrrolo[1,2-f][1,2,4]triazin-4(3H)-one

[0843]
@]
NH
N /S\<
N N o/ o}
[0844] To a 50 mL of RBF was added 6-fluoro-2-(meth-

ylthio)pyrrolo[1,2-f][1,2,4]triazin-4(3H)-one (100 mg, 0.50
mmol) and 4 ml of HOAc was added 2 ml of H,0,. The
mixture was stirred at 170° C. in a microwave for 15 h. The
reaction mixture was filtered to give product. LC-MS:
m/z=232 (M+H)+, RT=1.368 min.

Step 10: Synthesis of 6-fluoro-2-(4-(4-(trifluorom-
ethyl) piperidine-1-carbonyl)-1H-pyrazol-1-yl)pyr-
rolo[1,2-][1,2,4]triazin-4(3H)-one

[0845]
o O
NH
NS N
N
3T
~ N—N N CF;
F

[0846] To a microwave tube was added 6-fluoro-2-(meth-

ylsulfonyl)pyrrolo[1,2-f][1,2,4]triazin-4(3H)-one (100 mg,
0.43 mmol), (1H-pyrazol-4-yl)(4-(trifluoromethyl)piperi-
din-1-yl)methanone (110 mg, 0.44 mmol), Cs,CO; (160 mg,
0.49 mmol) and 2 ml of NMP. The mixture was stirred at r.t.
for 2 days. The reaction mixture was concentrated and
purified by combi flash (isco, silica gel, UV 254, 20 g,
MeOH/DCM=1/10) to give product. LC-MS (method G'):
m/z=399 (M+H)+, RT=1.399 min.
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Examples 235-236

[0847] Examples 235-236 in Table 17 were prepared in an
analogous fashion to Example 234 starting with the corre-
sponding starting materials.

TABLE 17
Ex. LC-MS
No. Ref. No. (Retention Time) MS (M + H)* LC-MS Method
235 Q-741 1.565 413.1
236 Q-746 1.497 384.1

Example 237—Synthesis of 7-fluoro-2-(4-(4-(trif-
luoromethyl)piperidine-1-carbonyl)-1H-pyrazol-1-
yDpyrrolo[1,2-f][1,2,4]triazin-4(3H)-one (Q-525)

[0848]
Cl
Selectfluor
= \ N
\ step 1
LA
N a
Cl
= AN N 5.0M NaOH
—_—
\ N THEF, 50° C.
= 4h
SN a
stej
F P
(0]
HI|\I \
N
N

CF;

step 3

CF3
Q-525
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Step 1: Synthesis of
2,4-dichloro-7-fluoropyrrolo| 1,2-f][1,2,4]triazine

[0849]

[0850] A mixture of 2.4-dichloropyrrolo[1,2-f][1,2,4]tri-
azine (6.0 g, 31.9 mmol) and 1-(chloromethyl)-4-fluoro-1,
4-diazonia-bicyclo[2.2.2]octane tetrafluoroborate (22.6 g,
63.8 mmol) in acetonitrile (250 mL) was stirred at 45° C. for
16 h under N, atmosphere. The mixture was concentrated,
the residue was diluted with DCM (400 mL), washed with
H,O (50 mLx3), and dried over Na,SO,. The filtrate was
concentrated to give the crude product. LC-MS: m/z=206.0
(M+H)+, RT=1.873 min.

Step 2: Synthesis of 2-chloro-7-fluoropyrrolo[1,2-f]
[1,2,4]triazin-4(3H)-one

[0851]

[0852] To a mixture of 2,4-dichloro-7-fluoropyrrolo[1,2-
f][1,2.4]triazine (6.33 g, 30.7 mmol) in THF/H,O (30 ml/30
ml) was added sodium hydroxide (6.16 g, 154 mmol). The
mixture was stirred at 50° C. for 4 h, and cooled to r.t. The
mixture was adjusted to pH=3-4 with 4N HCl and extracted
with EtOAc (100 mL.x4). The combined organics were dried
over Na,SO, and concentrated to give 5.2 g of the crude
product. 2 g of the crude product was purified by prep-HPLC
(TFA/CH;CN/H,0) to give the product. LC-MS: m/z=188.0
(M+H)+, RT=1.486 min.

Step 3: Synthesis of 7-fluoro-2-(4-(4-(trifluorom-

ethyl)piperidine-1-carbonyl)-1H-pyrazol-1-yl)pyr-
rolo[1,2-][1,2,4]triazin-4(3H)-one

[0853]

CF;
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[0854] To a mixture of 2-chloro-7-fluoropyrrolo[1,2-f][1,
2.4]triazin-4(3H)-one (302 mg, 1.61 mmol), (1H-pyrazol-4-
yD(4-(trifluoromethyl)piperidin-1-yl)methanone (398 mg,
1.61 mmol) and Cs,CO; (1049 mg, 3.22 mmol) in dry DMF
(20 mL) were added L-proline (93 mg, 0.8 mmol) and Cul
(152 mg, 0.8 mmol) under N, atmosphere. The mixture was
stirred at 140° C. for 20 h. The mixture was cooled to r.t.,
diluted with H,O (100 mL), pH adjusted to 3-4 with 1N HCI,
and extracted with EtOAc (100 mL.x5). The combined
organics were dried over Na,SO, and concentrated. The
residue was purified by prep-HPLC (TFA/CH;CN/H,0) to
give the crude product which was further purified by prep-
HPLC (NH,HCO,/CH;CN/H,0) to give the product. LC-
MS (method D'): m/z=399.2 (M+H)+, RT=1.002 min.

Examples 238-239

[0855] Examples 238-239 in Table 18 were prepared in an
analogous fashion to Example 237 starting with the corre-
sponding starting materials.

TABLE 18
Ex. LC-MS
No. Ref. No. (Retention Time) MS (M + H)* LC-MS Method
238 Q-732 1.429 381.2 F
239 Q-738 1.479 380.2 F

Example 240—Synthesis of 2-(5-methyl-4-(4-(4-
(trifluvoromethoxy )phenylsulfonyl)piperazine-1-car-
bonyl)-1H-pyrazol-1-yl)pyrrolo[1,2-f][1,2.4]triazin-
4(3H)-one (Q-1798)

[0856]
N—Boc
HATU, HOAT
TEA,THF, r.t.
step 1
(0]
HCl/dioxane

= />_N\N’ k/NH TEA, DCM, rit.
~

2HCI step 3
0 (@]
NH S N/\
N
== N K/ 0
N—N N N ;
Vj
O/ \©\ XF
O

Q-1798
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Step 1: Synthesis of tert-butyl-4-(5-methyl-1-(4-
0x0-3,4-dihydropyrrolo[ 1,2-f][ 1,2,4]triazin-2-y1)-
1H-pyrazole-4-carbonyl)piperazine-1-carboxylate

[0857)

\Boc

NH
—= N/\
N
= /) \ = k/N
N—N N
=

[0858] To the solution of 5-methyl-1-(4-0x0-3,4-dihydro-
pyrrolo[1,2-f][1,2,4]triazin-2-yl)- 1H-pyrazole-4-carboxylic
acid (2 g, 7.715 mmol) and tert-butyl-piperazine-1-carboxy-
late (1.6 g, 8.487 mmol) in THF (40 mL.) were added HATU
(3.52 g, 9.258 mmol), HOAT (1.05 g, 7.715 mmol) and TEA
(2.34 g, 23.146 mmol), the reaction mixture was stirred at r.t.
for 15 h. The mixture was concentrated and purified by SGC
(eluting with DCM/MeOH=20/1) to give the title com-
pound. LC-MS: m/z=428.3 (M+H)+, RT=1.535 min.

Step 2: Synthesis of 2-(5-methyl-4-(piperazine-1-
carbonyl)-1H-pyrazol-1-yl)pyrrolo[1,2-f][1,2,4tri-
azin-4(3H)-one dihydrochloride

[0859]
(6]
NH
—~ N/\
—N
~/ 2HC
[0860] To the solution of tert-butyl-4-(5-methyl-1-(4-oxo-

3,4-dihydropyrrolo[1,2-f][1,2,4]triazin-2-y1)-1H-pyrazole-
4-carbonyl)piperazine-1-carboxylate (3.88 g, 9.077 mmol)
in DCM (50 mL) was added HC1 (20 mL, 4 M in dioxane).
The reaction mixture was stirred at r.t. for 15 h. The mixture
was concentrated to give the title compound. LC-MS:
m/z=328.2 (M+H)+, RT=1.146 min.

Step 3: Synthesis of 2-(5-methyl-4-(4-(4-(trifluo-
romethoxy )phenylsulfonyl)piperazine-1-carbonyl)-
1H-pyrazol-1-yl)pyrrolo[1,2-f][1,2,4]triazin-4(3H)-

one
[0861]
o )
NH SN N/ﬁ
= N, 0
N—N/ N K/N\/S//
X
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[0862] To the solution of 2-(5-methyl-4-(piperazine-1-car-
bonyl)-1H-pyrazol-1-yl)pyrrolo[1,2-f][1,2,4triazin-4(3H)-

one dihydrochloride (50 mg, 0.125 mmol) and TEA (51 mg,
0.50 mmol) in DCM (3 mL) was added 4-(trifluoromethoxy)
benzene-1-sulfonyl chloride (39 mg, 0.15 mmol). The reac-
tion mixture was stirred at r.t. for 15 h. The mixture was
purified by prep-HPLC (high pH) to give the title compound.
LC-MS (method I'): m/z=552.2 (M+H)+, RT=1.671 min.

Examples 241-289

[0863] Examples 241-289 in Table 19 were prepared in an
analogous fashion to Example 240 starting with the corre-
sponding starting materials.

TABLE 19

Ex. LC-MS

No. Ref. No. (Retention Time) MS (M + H)* LC-MS Method
241 Q-1794 1.51 493.2 T
243 Q-1796 1.62 536.2 T
243 Q-1797 1.436 434.2 T
244 Q-1798 1.671 552.2 T
245 Q-1799 1.524 486.2 T
246 Q-1800 1.719 5243 T
247 Q-1801 1.630 520.2 T
248 (Q-1804 1.84 498.1 C
249 Q-1805 1.488 503.2 T
250 Q-1807 1.86 486.1 C
251 Q-1814 1.695 542.1 T
252 Q-1815 1.701 561.3 T
253 Q-1819 1.562 502.2 T
254 QQ-1820 1.691 510.2 T
255 -1821 1.502 474.2 T
256 Q-1822 1.606 502.2 T
257 Q-1823 1.553 486.2 T
258 Q-1824 1.51 493.2 T
259 Q-1825 1.648 536.1 T
260 Q-1826 1.646 536.2 T
261 Q-1827 1.461 546.2 T
262 Q-1829 1.527 512.2 T
263 Q-1830 1.681 536.2 T
264 Q-1831 1.623 518.2 T
265 Q-1832 1.6 472 C
266 Q-1833 1.72 525.1 C
267 Q-1834 1.647 536.2 T
268 (-1835 1.757 604.2 T
269 Q-1836 1.73 536 A
270 Q-1837 1.62 546.2 T
271 Q-1838 1.51 493.2 T
272 Q-1839 1.84 528.1 C
273 Q-1840 1.82 570 A
274 Q-1841 1.961 518.1 C
275 Q-1842 1.955 508.0 C
276 Q-1845 1.748 512.1 C
277 Q-1846 1.720 435.1 C
278 Q-1847 1.498 493.2 T
279 Q-1848 1.511 487.2 T
280 Q-1857 1.7 469.1 C
281 Q-1858 1.680 542.1 T
282 Q-1859 1.508 519.2 T
283 Q-1861 1.966 552.1 C
284 (Q-1862 1.850 503.0 C
285 (Q-1864 1.56 519.2 E
286 Q-1875 1.823 532.1 C
287 Q-1876 1.93 520 C
288 (Q-1882 1.832 526.5 C
289 (Q-1885 1.940 544.0 C
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Example 290—Synthesis of 2-(5-methyl-4-(2,6-
diazaspiro[4.5]decane-2-carbonyl)-1H-pyrazol-1-y1)-
6,7-dihydro-3H-cyclopenta[d]pyrimidin-4(5H)-one
(Q-577)
[0864]

HATU HoAt, TEA

THF,rt,2h
step 1

Ofk)\ HCI, DCM,
0
N §( _mih

i,

o,

Q-577

Step 1: Synthesis of tert-butyl 2-(5-methyl-1-(4-
ox0-4,5,6,7-tetrahydro-3H-cyclopenta| d]pyrimidin-
2-y1)-1H-pyrazole-4-carbonyl)-2,6-diazaspiro[4.5]

decane-6-carboxylate
[0865]

ey
%
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[0866] The mixture of S5-methyl-1-(4-0x0-4,5,6,7-tetra-
hydro-3H-cyclopenta|d]pyrimidin-2-y1)-1H-pyrazole-4-car-
boxylic acid (50 mg, 0.19 mmol), tert-butyl 2,6-diazaspiro
[4.5]decane-6-carboxylate (55 mg, 0.19 mmol), HATU
(109.6 mg, 0.29 mmol), HOAt (39 mg, 0.29 mmol) and TEA
(0.05 mL, 0.38 mmol) was stirred at r.t. for 2 h. The reaction
was concentrated. The residue was purified by prep-TLC
(DCM/MeOH=15/1, silica, UV254) to get the title com-
pound. LC-MS: m/z=483 (M+H)+, RT=1.544 min.

Step 2: Synthesis of 2-(5-methyl-4-(2,6-diazaspiro
[4.5]decane-2-carbonyl)-1H-pyrazol-1-y1)-6,7-di-
hydro-3H-cyclopenta[d]pyrimidin-4(5H)-one

[0867]

oy,
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pyrazole-4-carbonyl)-2,6-diazaspiro[4.5]decane-6-carboxy-
late (50 mg, 0.1 mmol) in DCM (1 mL) was added HCI1 (4M
in dioxane, 1 mL). The mixture was stirred at r.t. for 1 h. The
reaction was concentrated. The residue was purified by
prep-HPLC (high pH) to get the title compound. LC-MS
(method C'): m/z=383 (M+H)+, RT=1.21 min.

Examples 291-292

[0869] Examples 291-292 in Table 20 were prepared in an
analogous fashion to Example 290 starting with the corre-
sponding starting materials.

TABLE 20
Ex. LC-MS
No. Ref. No. (Retention Time) MS (M + H)* LC-MS Method
291 Q-395 1.069 399 H
292 Q-714 1.185 329.1 A

Example 293—Synthesis of 3-(4-(5-methyl-1-(4-
ox0-4,5,6,7-tetrahydro-3H-cyclopenta| d]pyrimidin-
2-y1)-1H-pyrazole-4-carbonyl)piperazine-1-carbo-
nyl)bicyclo[1.1.1]pentane-1-carboxylic acid (Q-627)

Example 293—Synthesis of 3-(4-(5-methyl-1-(4-
ox0-4,5,6,7-tetrahydro-3H-cyclopenta| d]pyrimidin-
2-y1)-1H-pyrazole-4-carbonyl)piperazine-1-carbo-
nyl)bicyclo[1.1.1]pentane-1-carbonitrile (Q-632)

[0868] To a solution of tert-butyl 2-(5-methyl-1-(4-oxo0-4,
5,6,7-tetrahydro-3H-cyclo penta[d]|pyrimidin-2-yl)-1H- [0870]
MeOH, SOCl, THF/MeOH/H,0
80°C 15h 0 NaOH, 1t, 15 h
—_—
step 1 0 step 1
(6]

I_IN/\
N
K/ \Boc

HO, | EDCI, HoBt, TEA
THF, 1t, 15 h

o step 2

Boc\ 0
N/w
L 0

HCL DCM, 1t, 2 h
_—
step 3

b,

HATU, HoAt, TEA
THF, 1t, 2 h

step 4



US 2017/0096435 Al Apr. 6,2017
410
-continued
0
NH
| )\ THF/MeOH
= 0 0 NaOH, 1t, 2 h
N N \ _—
| step 5
Na O O
Q612
0
NH
| EDCL, HoBt, TEA
NZ Ny \ 0 0 NHA4CI, THF, 1t, 2 h
D —————————_—
| step 6
Na N/\ OH
(A
Q-627
0
NH
| TFAA, TEA, DCM
N/ N O 0 1,151
_—
| \ step 7
Naw N /\ NI,
(A
Q-630
0
| NH
N)\N O
R a
New N/\
(A
0
Q-632

Step 1: Synthesis of dimethyl
bicyclo[1.1.1]pentane-1,3-dicarboxylate

[0872] To a solution of bicyclo[1.1.1]pentane-1,3-dicar-
boxylic acid (1 g, 6.4 mmol) in MeOH (50 mL) was added

o7l o SOCl, (6 mL) dropwise. The reaction was stirred at 80° C.
/ for 15 h. The reaction was concentrated. The residue was

o o treated with aq. NaHCO,; (80 mL) and extracted with DCM

L (2x60 mL). The combined organic layers were concentrated

to get the title compound.
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Step 2: Synthesis of 3-(methoxycarbonyl)bicyclo[1.
1.1]pentane-1-carboxylic acid

[0873]
(€]
HO 0
(6]
[0874] To a solution of dimethyl bicyclo[1.1.1]pentane-1,

3-dicarboxylate (1.1 g, 5.98 mmol) in THF/MeOH (1/1, 10
ml) was added NaOH (2M, 3 mL). The reaction was stirred
at r.t. for 15 h. The reaction was concentrated. The residue
was treated with water (50 mL), adjusted pH=5 with HCI
(2M), and extracted with DCM (2x50 mL). The combined
organic layers were concentrated to get the title compound.

Step 3: Synthesis of tert-butyl 4-(3-(methoxycarbo-
nyl)bicyclo[1.1.1]pentane-1-carbonyl) piperazine-1-
carboxylate

[0875]

Boce O
\©

[0876] The mixture of 3-(methoxycarbonyl)bicyclo[1.1.1]
pentane-1-carboxylic acid (600 mg, 3.53 mmol), tert-butyl
piperazine-1-carboxylate (656 mg, 3.53 mmol), EDCI (1.01
g, 5.29 mmol), HOBt (715 mg, 5.29 mmol) and TEA (1 mL,
7.06 mmol) in THF (30 mL) was stirred at room temperature
for 15 h. The reaction was treated with water (50 mL),
extracted with EtOAc (2x50 mL). The combined organic
layers were concentrated to get the title compound. LC-MS:
m/z=283 (M-56+H)+; RT=1.68 min.

Step 4: Synthesis of methyl 3-(piperazine-1-carbo-
nyl)bicyclo[1.1.1]pentane-1-carboxylate hydrochlo-

ride
[0877]
HCl (€]
HN/\
k/N T
(6]
[0878] To a solution of tert-butyl 4-(3-(methoxycarbonyl)

bicyclo[1.1.1]pentane-1-carbonyl)piperazine-1-carboxylate
(1.05 g, 3.1 mmol) in DCM (10 mL) was added HCI (4M in
dioxane, 10 mL). The mixture was stirred at r.t. for 2 h. The
reaction was concentrated to get the title compound (850
mg, 99%). LC-MS: m/z=239 (M+H)+, RT=0.92 min.

Apr. 6,2017

Step 5: Synthesis of methyl 3-(4-(5-methyl-1-(4-
ox0-4,5,6,7-tetrahydro-3H-cyclopenta| d]pyrimidin-
2-y1)-1H-pyrazole-4-carbonyl)piperazine-1-carbo-
nyl)bicyclo[1.1.1]pentane-1-carboxylate

[0879]
(Q-612)
(@]
| NH
)\ @]
N N
| (@]
Nax, N/ﬁ
s 0
(@]
[0880] The mixture of 5-methyl-1-(4-0x0-4,5,6,7-tetra-

hydro-3H-cyclopenta[d]pyrimidin-2-y1)-1H-pyrazole-4-car-
boxylic acid (585 mg, 2.25 mmol), methyl 3-(piperazine-1-
carbonyl)bicyclo[1.1.1]pentane-1-carboxylate
hydrochloride (850 mg, 3.1 mmol), HATU (1.28 g, 3.37
mmol), HOAt (460 mg, 3.37 mmol) and TEA (1 mL) in THF
(30 mL) was stirred at rt. for 15 h. The reaction was
concentrated. The residue was purified by combi-flash (40 g,
DCM/MeOH=20/1, silica, UV254) to get the title com-
pound. LC-MS: m/z=481 (M+H)+, RT=1.48 min.

Step 6: Synthesis of 3-(4-(5-methyl-1-(4-0x0-4,5,6,

7-tetrahydro-3H-cyclopenta|d|pyrimidin-2-y1)-1H-

pyrazole-4-carbonyl)piperazine-1-carbonyl)bicyclo
[1.1.1]pentane-1-carboxylic acid

[0881]
(Q-627)
(6]
| NH
N)\N 7
| (6]
N, N/ﬁ
G
(6]
[0882] To a solution of methyl 3-(4-(5-methyl-1-(4-oxo-

4,5,6,7-tetrahydro-3H-cyclopenta[d|pyrimidin-2-yl1)-1H-
pyrazole-4-carbonyl)piperazine-1-carbonyl)bicyclo[1.1.1]
pentane-1-carboxylate (120 mg, 0.25 mmol) in THF/MeOH
(1/1, 4 mL) was added LiOH (2 M, 1 mL). The reaction
mixture was stirred at r.t. for 1 h. The reaction was treated
with water (20 mL), adjust pH=5 with HCl (2M). The
mixture was extracted with EtOAc (2x30 mL). The com-
bined organic layers were concentrated. The residue was
purified by prep-HPLC (low pH) to get the title compound.
LC-MS (method C"): m/z=467 (M+H)+, RT=1.34 min.
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Step 7: Synthesis of 3-(4-(5-methyl-1-(4-0x0-4,5,6,

7-tetrahydro-3H-cyclopenta[d|pyrimidin-2-y1)-1H-

pyrazole-4-carbonyl)piperazine-1-carbonyl)bicyclo
[1.1.1]pentane-1-carboxamide

[0883]

(Q-630)

NH,

[0884] The mixture of 3-(4-(5-methyl-1-(4-0x0-4,5,6,7-
tetrahydro-3H-cyclopenta[d|pyrimidin-2-yl)-1H-pyrazole-
4-carbonyl)piperazine-1-carbonyl)bicyclo[1.1.1]pentane-1-
carboxylic acid (80 mg, 0.17 mmol), NH,Cl (13.6 mg, 0.26
mmol), HOBt (49.2 mg, 0.26 mmol), EDCI (34.7 mg, 0.26
mmol) and TEA (0.07 mL) in THF (5 mL) was stirred at r.t.
for 15 h. The reaction was concentrated. The residue was
purified by prep-HPLC (low pH) to get the title compound.
LC-MS: m/z=466 (M+H)+, RT=1.28 min.

Step 8: Synthesis of 3-(4-(5-methyl-1-(4-0x0-4,5,6,

7-tetrahydro-3H-cyclopenta[d|pyrimidin-2-y1)-1H-

pyrazole-4-carbonyl)piperazine-1-carbonyl)bicyclo
[1.1.1]pentane-1-carbonitrile

[0885]
(Q-632)
(6]
| NH
N)\N O
I 3\ N
Ny, N/ﬁ A
(U~
(6]
[0886] To a solution of 3-(4-(5-methyl-1-(4-0x0-4,5,6,7-

tetrahydro-3H-cyclopenta[d|pyrimidin-2-yl)-1H-pyrazole-
4-carbonyl)piperazine-1-carbonyl)bicyclo[1.1.1]pentane-1-
carboxamide (45 mg, 0.1 mmol) in DCM (3 mL) was added
TEA (0.6 mL) and trifluoroacetic anhydride (0.4 mL). The
mixture was stirred at r.t. for 15 h. The reaction was
concentrated. The residue was purified by prep-HPLC (high
pH) to get the title compound. LC-MS (method F'): m/z=448
(M+H)+, RT=1.35 min.
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Example 295—Synthesis of 2-(4-(2,2-dimethyl-4-
(2,2,2-trifluoroethyl)piperazine-1-carbonyl)-5-
methyl-1H-pyrazol-1-yl)pyrrolo[1,2-f][1,2,4]triazin-
4(3H)-one (Q-949)
[0887]
(6] Cl
O j ;\
Cl (6]
\\ NH DCM/DMF
—_—
N = 0 Step 1
~
N N
N
Naxy
OH
FsC
[N
HCl

DCM/TEA

cﬁ S

NH
NS N

= /> N K/N CF

N—N N ~

Q-949

Step 1: Preparation of 5-methyl-1-(4-ox0-3.,4-dihy-
dropyrrolo[1,2-f][1,2,4]triazin-2-y1)-1H-pyrazole-4-
carbonyl chloride

[0888]

Cl

[0889] To a solution of 5-methyl-1-(4-0x0-3,4-dihydropy-
rrolo[1,2-1][1,2,4]triazin-2-y1)-1H-pyrazole-4-carboxylic

acid (50 mg, 0.193 mmol) and oxalyl dichloride (74 mg,
0.579 mmol) in DCM (8 ml) was added DMF (3 drops) at
r.t. The mixture was stirred at r.t. for 2 h until the reaction
was completed. The mixture was concentrated to give the
crude product (80 mg) which was used to next step directly.
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Step 2: Preparation of 2-(4-(2,2-dimethyl-4-(2,2,2- TABLE 22-continued
trifluoroethyl)piperazine-1-carbonyl)-5-methyl-1H-
razol-1-yl)pyrrolo[1,2-f][1,2,4]triazin-4(3H)-one LC-MS
py y)py 1, ﬂ[ 24 ( ) Ex. Ref (Retention LC-MS Coupling
[0890] No. No. Time) MS (M + H)* Method Agent
317 Q-0558 1.014 2582 B'
318 Q-0559 1.455 477 G' HATU/HOAt
o O 319 Q-0560 1.462 459 G' HATU/HOAt
320 Q-0561 1.768  445.1 C'  HATU/HOAt
NH 321 Q-0562 1.286 397 G' HATU/HOAt
= N 322 Q-0563 1.34 397 G' HATU/HOAt
= / N\ 323 Q-0564 1.61 423 G' HATU/HOAt
N N N - 324 Q-0565 1.164 4613 B HATU/HOAt
- 325 Q-0566 1.449  274.02 C
326 Q-0567 1.103 4413 B'  HATU/HOAt
327 Q-0568 1.104 4294 B'  HATU/HOAt
. . 328 Q-0569 1.218  370.1 H'  HATU/HOAt
[0891] A solution of 5-methyl-l-(4-0x0-3,4-d1hydr0pyr- 329 Q-0570 1.540 439.1 H HATU/HOALt
rolo[1,2-f][1,2,4]triazin-2-yl)-1H-pyrazole-4-carbony] chlo- 330 Q-0571 1.408 4432 H'  HATU/HOAt
ride (80 mg, 0.288 mmol), 3,3-dimethyl-1-(2,2,2-trifluoro- ;;; 882;? }-ig 43123 g gﬁg;ggﬁ
ethyl)piperazine hydrochlo.nde (74 mg, 0.317 mmol) and 333 Q0574 Lago 477 & HATU/HOAL
TEA (87 mg, 0.864 mmol) in DCM (8 mL) was stirred at r.t. 334 Q-0575 1.171 3692 C HATU/HOALt
overnight. The mixture was concentrated to remove solvent, 335 Q-0576 1288 384.1 H'  HATU/HOAt
and the residue was purified with prep-HPLC (high pH) to ;;g 8'823 }'42129 ig;-z g gﬁg;ggx
. — _ - B
the ta.rget. LC-MS (method F'): m/z=438.1 (M+H)+, RT=1. 338 Q0580 1603 3842 B HATU/HOA
67 min. 339 Q0582  1.284 445 H  HATU/HOAt
340 Q-0583 0.938 345 G' HATU/HOAt
Examples 296-299 341 Q-0584 0.969 359 H'  HATU/HOAt
342 Q-0585 1475 4420 G' HATU/HOAt
[0892] Examples 296-299 in Table 21 were prepared in an 343 Q-0586 1.380  380.0 G'  HATU/HOAt
analogous fashion to Example 295 starting with the corre- ;i‘s‘ 8'8222 i-ggg ;‘Z X g gﬁg;ggﬁ
sponding starting materials. 346 Q-0589 0934 329.0 G'  HATU/HOAt
347 Q-0590 1.489  479.0 H'  HATU/HOAt
TABLE 21 348 Q-0591 142 5029 G' HATU/HOAt
349 Q-0592 1.515 457 G' HATU
Ex. LC-MS 350 Q-0594 1.675 470 G' HATU/HOAt
No. Ref. No. (Retention Time) MS (M + H)*  LC-MS Method 351 Q-0596 1.668  362.1 C' HATU/HOAt
352 Q-0597 1.089  520.2 B' HATU
206 Q-1142 1.388 479.3 T 353 Q-0598 1.396  493.9 G' HATU/HOAt
297 Q-1143 1.516 461.3 T 354 Q-0599 1.458 4279 G' HATU/HOAt
208 Q-1295 1.29 376.3 D' 355 Q-0600 1.349  394.0 G' HATU/HOAt
299 Q-1345 1.57 405.1 K 356 Q-0601 1.444 4750 G' HATU/HOAt
357 Q-0602 1.171  386.0 G' HATU/HOAt
358 Q-0603 1.804 495 C'  HATU/HOAt
359 Q-0604 1.494 4780 G' HATU/HOAt
Examples 300-946 360 Q-0605 1.584 488 H'  HATU/HOAt
361 Q-0606 1.441 4129 G' HATU/HOAt
[0893] Examples 300-946 in Table 22 were prepared 362 Q-0607 1.502  477.9 G' HATU;HOAt
: : : : : 363 Q-0608 1.477  460.0 G' HATU/HOAt
accordu}g to the.: method.s described herein starting with 364 Q0610 05 3602 B HATU/HOAL
appropriate starting materials. 365 Q0611 0975 4572 B HATU/HOAt
366 Q-0612 1.481  481.1 C'  HATU/HOAt
TABLE 22 367 Q-0614 1.046  342.1 H'  HATU/HOAt
368 Q-0615 0.951 4433 B' HATU
LC-MS 369 Q-0617 1.092 3580 H'  HATU/HOAt
Ex. Ref. (Retention LC-MS Coupling 370 Q-0618 1.246  318.1 "
No. No. Time) MS (M + H)* Method Agent 371 Q-0619 1612 292.1 B
372 Q-0620 1.026 4393 B'  HATU/HOAt
300 Q-0540 1.108  308.0 B’ 373 Q-0621 1.050 358.1 H HATU/HOAt
301 Q-0541 0.937 2772 B’ 374 Q-0623 1.277 398.1 H HATU/HOAt
302 Q-0542 0.958 2772 B’ 375 Q-0624 1.410 460.1 H HATU/HOAt
303 Q-0543 1.43 413 G HATU/HOAt 376 Q-0626 1.56 423.2 F' HATU/HOAt
304 Q-0544 0.932 2873 B’ 377 Q-0630 1.280 466.2 A EDCI/HOBt
305 Q-0545 1389 405.1 G HATU/HOAt 378 Q-0633 1405 328.2 F' HATU/HOAt
306 Q-0546 1.087 4872 F' HATU/HOAt 379 Q-0634 1.463 3272 F' HATU/HOAt
307 Q-0547 1.033 2740 H 380 Q-0635 1.504 354.1 F' HATU/HOAt
308 Q-0548 1765 4740 C' HATU/HOAt 381 Q-0681 1557 353.1 F' HATU/HOAt
309 Q-0549 1007 459.1 F' HATU/HOAt 382 Q0690 2 403 F' HATU/HOAt
310 Q-0550 1.389 445 H  HATU/HOAt 383 Q-0691 1.559 404.1 E HATU/HOAt
311 Q-0551 1469 459.0 G HATU/HOAt 384 Q-0693 1399 368.1 F' HATU/HOAt
312 Q-0552 1496 483.0 G HATU/HOAt 385 Q-0696 1609 497.2 F' HATU/HOAt
313 Q-0553 1.32 421 G HATU/HOAt 386 Q-0697 1.568 498.2 F' HATU/HOAt
314 Q-0555 1.755  456.1 C' HATU/HOAt 387 Q-0698 1.584  384.2 F' HATU/HOAt
315 Q-0556 1.185 385 G'  HATU/HOAt 388 Q-0700 1.698  384.1 E'  HATU/HOAt

316 Q-0557 1.237 400 G' HATU/HOAt 389 Q-0701 1.519 480.1 F' HATU/HOAt
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TABLE 22-continued TABLE 22-continued

LC-MS LC-MS
Ex. Ref (Retention LC-MS Coupling Ex. Ref (Retention LC-MS Coupling
No. No. Time) MS (M + H)* Method Agent No. No. Time) MS M+ H)* Method Agent
390 Q-0702 1.56 429.2 S HATU/HOAt 463 Q-0795 1.371 385.1 F'  HATU/HOAt
391 Q-0703 1.341 3542 S HATU/HOAt 464 Q-0796 1.475  389.1 F'  HATU/HOAt
392 Q-0704 1.547 426.1 S HATU/HOAt 465 Q-0797 1.485 4452 F'  HATU/HOAt
393 Q-0705 1.476  340.1 S HATU/HOAt 466 Q-0798 1.658  468.2 F'  HATU/HOAt
394 Q-0706 1.543 3542 S HATU/HOAt 467 Q-0799 1.439  375.1 F'  HATU/HOAt
395 Q-0707 1.576  465.1 S HATU/HOAt 468 Q-0800 1.41 366.2 F'  HATU/HOAt
396 Q-0708 1.505  339.1 S HATU/HOAt 469 Q-0802 1.558 404.2 F'  HATU/HOAt
397 Q-0709 2 353 S HATU/HOAt 470 Q-0803 1.560 411.0 A'  HATU/HOAt
398 Q-0710 1.426 381.2 S HATU/HOAt 471 Q-0804 1.444 375.1 F'  HATU/HOAt
399 Q-0711 1.541 370.1 S HATU/HOAt 472 Q-0805 1.415 4231 F'  HATU/HOAt
400 Q-0712 1.408 4121 S HATU/HOAt 473 Q-0806 1.504 3841 (M - 55)+ F'  HATU/HOAt
401 Q-0713 1.555 395.1 S HATU/HOAt 474 Q-0807 1.420  361.1 F'  HATU/HOAt
402 Q-0715 1.518 440.2 S HATU/HOAt 475 Q-0808 1.577 3672 F'  HATU/HOAt
403 Q-0716 1.547 489.1 S HATU/HOAt 476 Q-0809 1.537 3981 (M - 55)+ F'  HATU/HOAt
404 Q-0718 1.580 465.1 E' HATU/HOAt 477 Q-0812 1.411 4042 F'  HATU/HOAt
405 Q-0719 1.429  479.2 S HATU/HOAt 478 Q-0813 1.533 3531 F'  HATU/HOAt
406 Q-0720 1.337 3803 S HATU/HOAt 479 Q-0814 1.340 355.1 F'  HATU/HOAt
407 Q-0721 1.473 4932 S HATU/HOAt 480 Q-0815 1.401 383.1 F'  HATU/HOAt
408 Q-0722 1.156 3432 S HATU/HOAt 481 Q-0816 1.467 375.1 F'  HATU/HOAt
409 Q-0723 1.4 429.3 S HATU/HOAt 482 Q-0817 1.459 3922 F'  HATU/HOAt
410 Q-0724 1.598  426.1 S HATU/HOAt 483 Q-0818 1.460 418.1 F'  HATU/HOAt
411 Q-0725 1.607  367.1 A'  HATU/HOAt 484 Q-0819 1.534 3531 F'  HATU/HOAt
412 Q-0726 1.712  415.1 A'  HATU/HOAt 485 Q-0820 1.664 468.2 F'  HATU/HOAt
413 Q-0727 1.625 367.2 S HATU/HOAt 486 Q-0821 1.301  382.1 A'  HATU/HOAt
414 Q-0730 1.717 3721 (M - 55)+ A'  HATU/HOAt 487 Q-0822 1.585 357 A'  HATU/HOAt
415 Q-0731 1.617 3912 E' HATU/HOAt 488 Q-0823 1.597 4222 E'  HATU/HOAt
416 Q-0734 1.566 426.1 S HATU, HOAt 489 Q-0824 1.3 367.1 F'  HATU/HOAt
417 Q-0735 1.397 427.1 C'  HATU/HOAt 490 Q-0825 1.365 366.1 F'  HATU/HOAt
418 Q-0736 1.378 4423 C'  HATU/HOAt 491 Q-0826 1.503  394.1 F'  HATU/HOAt
419 Q-0737 1.664 411.1 A'  HATU/HOAt 492 Q-0827 1.651 438.0 F'  HATU/HOAt
420 Q-0739 1.494 4543 S HATU/HOAt 493 Q-0828 1.715 4721 F'  HATU/HOAt
421 Q-0743 1.311 3552 S HATU/HOAt 494 Q-0829 1.509  429.2 F'  HATU/HOAt
422 Q-0744 1.802  396.1 S HATU/HOAt 495 Q-0830 1.651 438.1 F'  HATU/HOAt
423 Q-0745 1.758 4552 A'  HATU/HOAt 496 Q-0831 1.367 406.1 F'  HATU/HOAt
424 Q-0747 1.617 427.1 S HATU/HOAt 497 Q-0832 1.535  396.1 F'  HATU/HOAt
425 Q-0748 1.474 4543 S HATU/HOAt 498 (Q-0833 1.703  472.1 F'  HATU/HOAt
426 Q-0749 1.526 412.1 S HATU/HOAt 499 (Q-0835 1.593  439.1 F'  HATU/HOAt
427 Q-0750 1 428 S HATU/HOAt 500 Q-0836 1.647 473.1 F'  HATU/HOAt
428 Q-0751 1.437  369.8 T HATU/HOAt 501 Q-0837 1.635 437.1 A'  HATU/HOAt
429 Q-0752 1.424 4117 T HATU/HOAt 502 Q-0839 1.380  275.1 I
430 Q-0753 1.525 398 S HATU/HOAt 503 Q-0840 1.702 4721 F'  HATU/HOAt
431 Q-0754 1.589 445.1 S HATU/HOAt 504 Q-0842 1.501 3841 (M - 55)+ F'  HATU/HOAt
432 Q-0755 1.356  371.1 S HATU/HOAt 505 Q-0843 1.305 405.1 A'  HATU/HOAt
433 Q-0756 1 342 S HATU/HOAt 506 Q-0844 1.510 407.1 F'  HATU/HOAt
434 Q-0757 1.584 421.1 S HATU/HOAt 507 Q-0845 1.380  430.2 F'  HATU/HOAt
435 Q-0758 1.768 413.1 A'  HATU/HOAt 508 Q-0846 1.611 430.2 F'  HATU/HOAt
436 Q-0759 1.575  390.1 S HATU/HOAt 509 Q-0847 1.088  368.2 E'  HATU/HOAt
437 Q-0760 1.404 410.2 S HATU/HOAt 510 Q-0848 1.411  396.1 A'  HATU/HOAt
438 Q-0761 1.539  389.1 S HATU/HOAt 511 Q-0849 1.413  380.2 F'  HATU/HOAt
439 Q-0762 1.702 3981 (M - 55)+ A'  HATU/HOAt 512 Q-0850 1.507 4282 F'  HATU/HOAt
440 Q-0764 1.425  368.1 S HATU/HOAt 513 Q-0851 1.566 4422 F'  HATU/HOAt
441 Q-0768 1.593 4121 (M - 55)+ S HATU/HOAt 514 Q-0852 1.600  496.2 F'  HATU/HOAt
442 Q-0770 1.53 412.1 S HATU/HOAt 515 Q-0853 1.333  366.1 A'  HATU/HOAt
443 Q-0771 1.584 411.1 S HATU/HOAt 516 Q-0854 1.674 499.2 F'  HATU/HOAt
444 Q-0772 1.595 468.2 S HATU/HOAt 517 Q-0855 1.502  406.2 F'  HATU/HOAt
445 Q-0773 1.432 462 (M + Na)+ S HATU/HOAt 518 Q-0856 1.348  368.1 F'  HATU/HOAt
446 Q-0774 1.327 247 A’ 519 Q-0857 1.499 3841 (M - 55)+ F'  HATU/HOAt
447 Q-0775 1.464 367.1 S HATU/HOAt 520 Q-0858 1.556  408.2 F'  HATU/HOAt
448 Q-0777 1.487 381.1 S HATU/HOAt 521 Q-0859 1.367 434.1 F'  HATU/HOAt
449 Q-0779 1.398  261.0 A’ 522 Q-0860 1.506  440.1 F'  HATU/HOAt
450 Q-0780 1.434  289.1 S 523 Q-0861 1.534  464.1 (M + Na)+ F'  HATU/HOAt
451 Q-0781 1.528  382.1 S HATU/HOAt 524 Q-0862 1.267 382.1 F'  HATU/HOAt
452 Q-0782 1.490 439.1 S HATU/HOAt 525 Q-0863 1.386  343.1 F'  HATU/HOAt
453 Q-0783 1.518  411.1 S HATU/HOAt 526 Q-0865 1.580  412.1 (M - 55)+ F'  HATU/HOAt
454 Q-0784 1.562 425.1 S HATU/HOAt 527 Q-0866 1.270  365.1 F'  HATU/HOAt
455 Q-0785 1.537 4542 S HATU/HOAt 528 Q-0867 1.497 4282 F'  HATU/HOAt
456 Q-0788 1.525 4542 S HATU/HOAt 529 Q-0868 1.287 406.2 F'  HATU/HOAt
457 Q-0789 1.393  335.1 S HATU/HOAt 530 Q-0869 1.560 455.1 F'  HATU/HOAt
458 Q-0790 1.53 454.2 S HATU/HOAt 531 Q-0870 1.738  498.1 F'  HATU/HOAt
459 Q-0791 1.378  325.1 S HATU/HOAt 532 Q-0871 1.443  433.1 F'  HATU/HOAt
460 Q-0792 1.482  437.1 S HATU/HOAt 533 Q-0872 1.261  382.1 F'  HATU/HOAt
461 Q-0793 1.347  369.2 E' HATU/HOAt 534 Q-0873 1.245  365.1 F'  HATU/HOAt

462 Q-0794 1.353  299.2 E' HATU/HOAt 535 Q-0874 1.54 378.1 A'  HATU/HOAt
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LC-MS LC-MS

Ex. Ref (Retention LC-MS Coupling Ex. Ref (Retention LC-MS Coupling
No. No. Time) MS (M + H)* Method Agent No. No. Time) MS M+ H)* Method Agent

536 Q-0875 1.654 430.1 S HATU/HOAt 609 Q-0953 1.479 4353 T HATU/HOAt
537 Q-0876 1.65 448.2 S HATU/HOAt 610 Q-0954 1.328 4363 T HATU/HOAt
538 Q-0877 1.511 456.2 S HATU/HOAt 611 Q-0955 1.352 4343 T HATU/HOAt
539 Q-0878 1.509 4762 (M + Na)+ S HATU/HOAt 612 Q-0956 1.609 4242 T HATU/HOAt
540 Q-0879 1.264 396.1 S HATU/HOAt 613 Q-0957 1.391  396.2 T HATU/HOAt
541 Q-0880 1.548 4483 S HATU/HOAt 614 Q-0958 1.331 4342 F'  HATU/HOAt
542 Q-0881 1.346  382.1 S HATU/HOAt 615 Q-0959 1.61 409.1 F'  HATU/HOAt
543 Q-0882 1.507 431.2 S HATU/HOAt 616 Q-0960 1.647 4352 T HATU/HOAt
544 Q-0883 1.365 3521 S HATU/HOAt 617 Q-0961 1.406 3572 T HATU/HOAt
545 Q-0884 1.616 436.1 S HATU/HOAt 618 Q-0962 1.498 4222 T HATU/HOAt
546 Q-0885 1.631 4422 S HATU/HOAt 619 Q-0963 1.585 461.2 T HATU/HOAt
547 Q-0886 1.325  396.2 S HATU/HOAt 620 Q-0964 1.555 449.2 T HATU/HOAt
548 Q-0887 1.57 442.2 S HATU/HOAt 621 Q-0965 1.572  401.2 T HATU/HOAt
549 Q-0888 1.32 384.2 A'  HATU/HOAt 622 Q-0966 1.501  395.2 T HATU/HOAt
550 Q-0890 1.618  260.1 C 623 Q-0967 1.605 463.2 T HATU/HOAt
551 Q-0891 1.341 4222 S HATU/HOAt 624 Q-0968 1.612 4563 T HATU/HOAt
552 Q-0892 1.558 442 S HATU/HOAt 625 Q-0969 1.420 410.2 T HATU/HOAt
553 Q-0893 2 451 S HATU/HOAt 626 Q-0970 1.781 486.2 C'  HATU/HOAt
554 Q-0894 1.704  464.1 S HATU/HOAt 627 Q-0971 1.253  403.2 T HATU/HOAt
555 Q-0895 1.223 3812 S HATU/HOAt 628 Q-0972 1.993  490.1 (M + Na)+ C'  HATU/HOAt
556 Q-0896 1.474  389.1 S HATU/HOAt 629 Q-0973 1.329 3712 F'  HATU/HOAt
557 Q-0897 1.54 476.1 (M + Na)+ S HATU/HOAt 630 Q-0974 2.082 4593 C'  HATU/HOAt
558 Q-0899 1.569 4421 S HATU/HOAt 631 Q-0975 1.520 480.2 T HATU/HOAt
559 Q-0900 1.499 375.1 S HATU/HOAt 632 Q-0976 1.695 3572 C'  HATU/HOAt
560 Q-0901 1.275 4341 S HATU/HOAt 633 Q-0977 1.282 4332 F'  HATU/HOAt
561 Q-0902 1.557 421.1 S HATU/HOAt 634 Q-0978 1.853  406.2 C'  HATU/HOAt
562 Q-0905 1.597 5152 S HATU/HOAt 635 Q-0979 1.745 379.1 C'  HATU/HOAt
563 Q-0906 1.688  404.1 D' HATU/HOAt 636 Q-0980 1.708 4241 C'  HATU/HOAt
564 Q-0907 1.598  411.1 D' HATU/HOAt 637 Q-0981 1 372 T HATU/HOAt
565 Q-0908 1.538 4241 S HATU/HOAt 638 Q-0982 1.519 4093 T HATU/HOAt
566 Q-0909 1.569 431.1 S HATU/HOAt 639 Q-0983 1.425 4342 C'  HATU/HOAt
567 Q-0910 1.818 389 D' HATU/HOAt 640 Q-0984 1.958 461.2 C'  HATU/HOAt
568 Q-0911 1.419 450.2 S HATU/HOAt 641 Q-0985 1.279 3542 T HATU/HOAt
569 Q-0912 1.642 482 S HATU/HOAt 642 Q-0986 1.852 4342 C'  HATU/HOAt
570 Q-0913 1.512  450.2 S HATU/HOAt 643 Q-0987 1.424  397.1 F'  HATU/HOAt
571 'Q-0914 1.538  476.1 (M + Na)+ S HATU/HOAt 644 Q-0988 1.515 420.2 F'  HATU/HOAt
572 Q-0915 1.577 4423 T HATU/HOAt 645 Q-0989 1.619 4583 T HATU/HOAt
573 Q-0916 2 456 S HATU/HOAt 646 Q-0990 1.746  455.1 F'  HATU/HOAt
574 Q-0917 1.745 3832 C'  HATU/HOAt 647 Q-0991 1.928 415.1 C'  HATU/HOAt
575 Q-0918 1.293  367.1 S HATU/HOAt 648 Q-0992 1.871 4242 C'  HATU/HOAt
576 Q-0919 1.284 3942 T HATU/HOAt 649 Q-0993 1.348 4182 F'  HATU/HOAt
577 Q-0920 1.925  395.1 D' HATU/HOAt 650 Q-0994 1.587 418.2 D' HATU/HOAt
578 Q-0921 1.435 3392 T HATU/HOAt 651 Q-0995 1 446 C'  HATU/HOAt
579 Q-0922 1.332  369.1 S HATU/HOAt 652 Q-0996 1.576  425.1 F'  HATU/HOAt
580 Q-0923 1.388  366.1 S HATU/HOAt 653 Q-0997 1.448  460.1 F'  HATU/HOAt
581 Q-0924 1.528 4693 T HATU/HOAt 654 Q-0998 1.539  385.1 F'  HATU/HOAt
582 Q-0925 4.538 438.1 S HATU/HOAt 655 Q-0999 1.472  406.2 F'  HATU/HOAt
583 Q-0926 1.463  377.1 S HATU/HOAt 656 Q-1000 1.562  441.1 F'  HATU/HOAt
584 Q-0927 1.525 3531 S HATU/HOAt 657 Q-1001 1.643  364.2 C'  HATU/HOAt
585 Q-0928 1.520 4693 T HATU/HOAt 658 Q-1002 1.667 364.2 C'  HATU/HOAt
586 Q-0929 1.504 4541 S HATU/HOAt 659 Q-1003 1.812 4221 C'  HATU/HOAt
587 Q-0930 1.467 450.2 S HATU/HOAt 660 Q-1004 1.863 430.1 C'  HATU/HOAt
588 Q-0931 1.890 3542 C'  HATU/HOAt 661 Q-1005 1.474 354 F'  HATU/HOAt
589 Q-0932 1.515 4983 S HATU/HOAt 662 Q-1006 1.523  425.1 F'  HATU/HOAt
590 Q-0933 1.402 4222 C'  HATU/HOAt 663 Q-1007 1.448  411.1 F'  HATU/HOAt
591 Q-0934 1.553  367.2 T HATU/HOAt 664 Q-1008 1.552  411.1 F'  HATU/HOAt
592 Q-0935 1.298 410.2 T HATU/HOAt 665 Q-1009 1.280 386.2 A'  HATU/HOAt
593 Q-0936 1.889  461.1 C'  HATU/HOAt 666 Q-1010 1.321  400.2 D' HATU/HOAt
594 Q-0937 1.330 405.2 T HATU/HOAt 667 Q-1011 1.447  460.1 F'  HATU/HOAt
595 Q-0938 1.5 397.1 S HATU/HOAt 668 Q-1012 1.429 4642 F'  HATU/HOAt
596 Q-0939 1.680 486.2 T HATU/HOAt 669 Q-1013 1.42 396 F'  HATU/HOAt
597 Q-0940 1.667 4572 T HATU/HOAt 670 Q-1014 1.513  425.1 F'  HATU/HOAt
598 Q-0941 1.500 3922 T HATU/HOAt 671 Q-1015 1.584 4782 F'  HATU/HOAt
599 Q-0942 1.287 3932 T HATU/HOAt 672 Q-1016 1.37 414.2 F'  HATU/HOAt
600 Q-0943 1.980 436.2 C'  HATU/HOAt 673 Q-1017 1.819 3952 C'  HATU/HOAt
601 Q-0944 1.989 4352 C'  HATU/HOAt 674 Q-1018 1.528 4782 D' HATU/HOAt
602 Q-0945 1.322  404.1 C'  HATU/HOAt 675 Q-1019 1.832  464.2 C'  HATU/HOAt
603 Q-0946 1.502 452 T HATU/HOAt 676 Q-1020 1.540 410.2 F'  HATU/HOAt
604 Q-0947 1.828 381 C'  HATU/HOAt 677 Q-1021 1.355 400.1 F'  HATU/HOAt
605 Q-0948 1.379 3932 S HATU/HOAt 678 Q-1022 1.33 369.2 F'  HATU/HOAt
606 Q-0950 1.298  398.2 S HATU/HOAt 679 Q-1023 1.772  376.2 C'  HATU/HOAt
607 Q-0951 1.518 450.2 S HATU/HOAt 680 Q-1024 1.832  376.1 C'  HATU/HOAt

608 Q-0952 1.453 4291 F'  HATU/HOAt 681 Q-1025 1.35 400.2 F' HATU/HOAt
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Ex. Ref (Retention LC-MS Coupling Ex. Ref (Retention LC-MS Coupling
No. No. Time) MS (M + H)* Method Agent No. No. Time) MS M+ H)* Method Agent

682 Q-1026 1.367 4142 S HATU/HOAt 755 Q-1101 1.490 487.2 C'  HATU/HOAt
683 Q-1027 1.331 4142 C'  HATU/HOAt 756 Q-1102 1.82 413.3 C'  HATU/HOAt
684 Q-1028 2 437 D' HATU/HOAt 757 Q-1103 1.799 3932 C'  HATU/HOAt
685 Q-1029 1.810 464.2 C'  HATU/HOAt 758 Q-1104 1.41 436.2 T HATU/HOAt
686 Q-1030 1.339  400.2 T HATU/HOAt 759 Q-1105 1.494 4222 T HATU/HOAt
687 Q-1031 1.315  386.2 T HATU/HOAt 760 Q-1106 1.752 4222 C'  HATU/HOAt
688 Q-1032 1.326 4382 T HATU/HOAt 761 Q-1107 1 437 T HATU/HOAt
689 Q-1033 1.483 4281 (M - H)- S HATU/HOAt 762 Q-1108 2 478.2 T HATU/HOAt
690 Q-1034 1.461 390.2 S HATU/HoAt 763 Q-1109 1.349 4512 F'  HATU/HOAt
691 Q-1035 1.589 450.2 T HATU/HOAt 764 Q-1110 1.986 446.3 C'  HATU/HOAt
692 Q-1036 1.566 464.2 T HATU/HOAt 765 Q-1111 1.851 4382 C'  HATU/HOAt
693 Q-1037 1.844 481.1 S HATU/HOAt 766 Q-1112 1.792 3832 C'  HATU/HOAt
694 Q-1038 1.934 3932 C'  HATU/HOAt 767 Q-1113 1.753 3842 C'  HATU/HOAt
695 Q-1039 1.427  359.1 S HATU/HOAt 768 Q-1114 1.422  408.2 C'  HATU/HOAt
696 Q-1040 1.494  341.1 S HATU/HOAt 769 Q-1115 1.584 4222 A'  HATU/HOAt
697 Q-1041 1.416 3952 T HATU/HOAt 770 Q-1116 1.866 438.1 C'  HATU/HOAt
698 Q-1042 1.803  440.1 D' HATU/HOAt 771 Q-1117 1.469 4222 T HATU/HOAt
699 Q-1043 1.474 4552 T HATU/HOAt 772 Q-1118 1.755 425.1 C'  HATU/HOAt
700 Q-1044 1.556 425.1 S HATU/HOAt 773 Q-1119 1.437 3772 T HATU/HOAt
701 Q-1045 1.545 4693 T HATU/HOAt 774 Q-1120 1.640 418.1 C'  HATU/HOAt
702 Q-1046 1.505 4922 S HATU/HOAt 775 Q-1121 1.396  394.1 T HATU/HOAt
703 Q-1047 1.866 412 T HATU/HOAt 776 Q-1122 1.923 4211 C'  HATU/HOAt
704 Q-1048 1.891 3542 C'  HATU/HOAt 777 Q-1123 1.545 4352 F'  HATU/HOAt
705 Q-1049 1.786  378.2 C'  HATU/HOAt 778 Q-1124 1.921  409.2 C'  HATU/HOAt
706 Q-1050 1.747 349.1 D' HATU/HOAt 779 Q-1125 1.398 410.2 T HATU/HOAt
707 Q-1051 1.680 437.2 T HATU/HOAt 780 Q-1126 1.549  379.2 T HATU/HOAt
708 Q-1052 1.949 4532 T HATU/HOAt 781 Q-1128 1.781 394.1 C'  HATU/HOAt
709 Q-1053 1.487 406.1 S HATU/HOAt 782 Q-1129 1.312  394.1 T HATU/HOAt
710 Q-1054 1.903 4252 C'  HATU/HOAt 783 Q-1130 1.517 4211 F'  HATU/HOAt
711 Q-1055 1 410 T HATU/HOAt 784 Q-1131 1.704 459.2 T HATU/HOAt
712 Q-1056 2.054 4872 C'  HATU/HOAt 785 Q-1132 1.657 4232 F'  HATU/HOAt
713 Q-1057 1.401 4643 S HATU/HOAt 786 Q-1134 1.974 479.1 C'  HATU/HOAt
714 Q-1058 1.381 465.2 S HATU/HOAt 787 Q-1135 1.637 505.2 T HATU/HOAt
715 Q-1059 1.373  356.1 T HATU/HOAt 788 Q-1136 1.35 488.2 F'  HATU/HOAt
716 Q-1060 1.472 4242 T HATU/HOAt 789 Q-1137 1.896  463.1 C'  HATU/HOAt
717 Q-1061 1.696 451.2 C'  HATU/HOAt 790 Q-1138 2,162 521.1 C'  HATU/HOAt
718 Q-1062 1.773 4122 C'  HATU/HOAt 791 Q-1139 2,191 5551 C'  HATU/HOAt
719 Q-1063 1.745 4132 C'  HATU/HOAt 792 Q-1140 1.894 506.1 C'  HATU/HOAt
720 Q-1064 2.066 4352 C'  HATU/HOAt 793 Q-1141 1.571 4552 T HATU/HOAt
721 Q-1065 2.049 4352 C'  HATU/HOAt 794 Q-1144 1.731  394.1 C'  HATU/HOAt
722 Q-1066 1.425 4252 T HATU/HOAt 795 Q-1145 1.820 464.1 C'  HATU/HOAt
723 Q-1067 1.390 426.2 T HATU/HOAt 796 Q-1146 2,125  492.1 C'  HATU/HOAt
724 Q-1070 1.271  466.2 S HATU/HOAt 797 Q-1147 2.069 492.1 C'  HATU/HOAt
725 Q-1071 1.991 409.1 C'  HATU/HOAt 798 Q-1148 2,135  526.1 C'  HATU/HOAt
726 Q-1072 1.802  395.2 C'  HATU/HOAt 799 Q-1149 1.566 489.2 T HATU/HOAt
727 Q-1073 1.431 407.2 T HATU/HOAt 800 Q-1150 1.588 473.1 C'  HATU/HOAt
728 Q-1074 1.563 463.1 S HATU/HOAt 801 Q-1151 1.602  505.2 T HATU/HOAt
729 Q-1075 1.517 464.1 S HATU/HOAt 802 Q-1152 1.753 5212 T HATU/HOAt
730 Q-1076 1.7 411.2 C'  HATU/HOAt 803 Q-1153 2.078 555.1 C'  HATU/HOAt
731 Q-1077 1.284 4673 S HATU/HOAt 804 Q-1154 1.912  506.1 C'  HATU/HOAt
732 Q-1078 1.945 450.1 C'  HATU/HOAt 805 Q-1155 1.748 5212 T HATU/HOAt
733 Q-1079 1.486 471.2 T HATU/HOAt 806 Q-1156 1.683  505.2 T HATU/HOAt
734 Q-1080 1.522  470.2 T HATU/HOAt 807 Q-1157 1.919 489.2 D' HATU/HOAt
735 Q-1081 1.759 4512 A'  HATU/HOAt 808 Q-1158 1.842  459.1 D' HATU/HOAt
736 Q-1082 1.490 4221 C'  HATU/HOAt 809 Q-1159 2.031 539.1 C'  HATU/HOAt
737 Q-1083 1.691 4221 A'  HATU/HOAt 810 Q-1160 2.009 476.1 C'  HATU/HOAt
738 Q-1084 1.551 488.1 C'  HATU/HOAt 811 Q-1161 1.350 4722 T HATU/HOAt
739 Q-1085 1.401 4782 S HATU/HOAt 812 Q-1162 1.366 4722 T HATU/HOAt
740 Q-1086 1.533  506.3 S HATU/HOAt 813 Q-1163 1.886 522.1 C'  HATU/HOAt
741 Q-1087 1.430 407.1 S HATU/HOAt 814 Q-1164 1.593  488.2 D' HATU/HOAt
742 Q-1088 1.373 4363 S HATU/HOAt 815 Q-1165 2.043  505.1 C'  HATU/HOAt
743 Q-1089 1.344 4373 S HATU/HOAt 816 Q-1166 2.114 4920 C'  HATU/HOAt
744 Q-1090 1.617 4532 C'  HATU/HOAt 817 Q-1167 2,139  526.1 C'  HATU/HOAt
745 Q-1091 1.35 454.2 T HATU/HOAt 818 Q-1168 1.383 3942 C'  HATU/HOAt
746 Q-1092 1.387 4083 E' HATU/HOAt 819 Q-1170 1.482  440.2 T HATU/HOAt
747 Q-1093 1.446 435.1 T HATU/HOAt 820 Q-1171 1.648  539.2 T HATU/HOAt
748 Q-1094 1.499 3942 C'  HATU/HOAt 821 Q-1172 1.989 5121 C'  HATU/HOAt
749 Q-1095 1.614 4212 T HATU/HOAt 822 Q-1173 2,183 5551 C'  HATU/HOAt
750 Q-1096 1.572 4222 T HATU/HOAt 823 Q-1174 1.683 4472 T HATU/HOAt
751 Q-1097 1.570 487.2 C'  HATU/HOAt 824 Q-1175 1.668 539.2 T HATU/HOAt
752 Q-1098 1.466 3732 T HATU/HOAt 825 Q-1176 1.63 505.2 T HATU/HOAt
753 Q-1099 1.669 487.2 C'  HATU/HOAt 826 Q-1177 1.521  349.1 E'  HATU/HOAt

754 Q-1100 1.648  488.2 C'  HATU/HOAt 827 Q-1178 1.838  541.1 C'  HATU/HOAt
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No. No. Time) MS (M + H)* Method Agent No. No. Time) MS M+ H)* Method Agent
828 Q1179 1997 522 € HATUHOAt 901 Q-1263 1409 3752 T HATU/HOAt
829 Q-1180 1937 3062 € HATUHOAt 902 Q-1266 1778 4241 €' HATU/HOAt
830 Q-1181 2,010 51211 C'  HATU/HOAt ,
£31 Q1182 L4717 ase1 O HATUHOA 903 Q-1269 1.699  394.1 C, HATU/HOAt
832 Q1183 1469 4382 I HATU/HOAt 004 Q1288 2 3241 ¢ HATUHOAt
833 Q-1184  1.959 368.1 ¢ HATU/HOAt 905 Q-1280 2 5242 I HATU/HOAt
834 Q-1185 Leso 4051 O HATUHOAt 206 Q-1291 1.603  422.1 C'  HATU/HOAt
835 Q-1186 2,022 449.1 C' HATU/HOAt 907 Q-1292 4.560  438.2 E' HATU/HOAt
836 Q-1187 1.550  459.1 C' HATU/HOAt 908 Q-1296 1.345  411.2 I' HATU/HOAt
837 Q-1188 1.856  506.1 C' HATU/HOAt 909 Q-1301 1.400  394.3 D' HATU/HOAt
838 Q-1189 141 3963 I HATU/HOAt 910 Q-1305 1461 4222 F'  HATU/HOAt
839 Q-1190 1.524  506.2 I HATU/HOAt 911 Q-1306 1.485 3892 E'  HATU/HOAt
840 Q-1191 1402 383.2 I HATU/HOAt 912 Q-1311 1.680  432.1 C' HATU/HOAt
841 Q-1192 178 3952 ¢ HATU/HOAt 913 Q-1313 1.537  403.2 E'  HATU/HOAt
842 Q-1193 1.863  490.1 C' HATU/HOAt 914 Q-1320 1753 394.1 C' HATU/HOAt
843 Q-1194 1456 436.1 € HATU/HOAt 915 Q-1322 1612 4182 C' HATU/HOAt
gi‘s‘ gﬂgg izgz 282} g gﬁg?ggiﬁ 916 Q-1341 1450 4502 E  HATU/HOAt
846 Q1198 U537 2532 T HATUHOAL 917 Q-1343 1.256  407.2 J' HATU/HOAt
847 Q-1199 2083 44902 O HATU/HOAL 918 Q-1344 1.709  413.1 C'  HATU/HOAt
848 Q-1200 2.004  450.2 C' HATU/HOAt 919 Q-1346 1.673  378.1 C' HATU/HOAt
849 Q-1201 1.405  369.2 C' HATU/HOAt 920 Q-1362 1.462 4322 ' HATU/HOAt
850 Q-1202 1.575  489.2 I HATU/HOAt 921 Q-1365 1.547 4362 I HATU/HOAt
851 Q-1203 1.525 496.2 I HATU/HOAt 922 Q-1483 1.633  425.1 C' HATU
852 Q-1205 1.366 3823 I HATU/HOAt 923 Q-1535 1.506  468.2 I HOAUHATU
ggi 8383 }g?g ‘3‘33; g gﬁg?ggiﬁ 924 Q-1539  1.607 406.1 C'  HATU/HOAt
§55 Q1208 1786 3951 O HATUHOAL 925 Q-1558 1402 434.2 J' HATU/HOAt
856 Q-1209 1377 3810 T HATU/HOAL 926 Q-1560 1.493 4230 C'  HATU/HOAt
858 Q-1211 1.928 5122 C' HATU/HOAt 928 Q-1565 1.479  404.2 ' HATU/HOAt
859 Q-1212 1.559 4963 I HATU/HOAt 929 Q-1581 1.663  420.1 C'  HATU/HOAt
860 Q-1213 1318 396.2 I HATU/HOAt 930 Q-1591 1.494 4822 I HOAUHATU
861 Q-1214 1.615 3842 C'  HATU/HOAt 931 Q-1597 1.757 289.1 C
2 Qs 1 s COBOUEON  on i rad e ;
864 Q-1217 1780 394.1 C'  HATU/HOAt 933 Q1728 1448 4881 F, HATU/HOA
865 Q-1218 Lsga 4380 T HATU/HOAL 934 Q-1818 1.561 4743 I HATU/HOAt
866 Q-1219 1.88 A417.1 C'  HATU/HOAt 935 Q-1866 1.889  504.1 C'  HATU/HOAt
867 Q-1220 1.847  409.2 C' HATU/HOAt 936 Q-1886 1.573  460.1 ' HATU/HOAt
868 Q-1221 1331 355.2 C'  HATU/HOAt 937 Q-1889 1.925  425.1 C'  HATU/HOAt
869 Q-1222 1516 354.2 I HATU/HOAt 938 Q-1925 1343 364.1 D' HATU/HOAt
870 Q-1223 1.427 3972 I HATU/HOAt 939 Q-1932 1381 365.0 I HATU/HOAt
g;; 83;‘5‘ ig‘s‘g igéi g gﬁg?ggiﬁ 940 Q-1984 1784 4670 C' HATU/HOAt
873 Q1226 U708 4001 O HATUHOA 941 Q-1985 1.561  405.1 C, HATU/HOAt
874 Q-1227 1805 4511 & HATU/HOAL 942 Q-2007 1.285 4603 D' HATU/HOAt
875 Q-1228 1.767  439.1 C' HATU/HOAt 943 Q-2008 1756 426.0 C' HATU/HOAt
876 Q-1229 1.418 4612 I'  HATU/HOAt 944 Q-2009 1.850  444.0 C' HATU/HOAt
877 Q-1230 1.626  505.2 I HATU/HOAt 945 Q-2016 1.509  412.1 I HATU/HOAt
878 Q-1231 1874 506.1 ¢ HATU/HOAt 946 Q-2017 1556 439.0 I HATU/HOAt
879 Q-1232 1.668  427.1 C'  HATU/HOAt
880 Q-1233 1.578 4262 I HATU/HOAt
881 Q-1234 1792 461.1 C'  HATU/HOAt
882 Q-1235 1.474  488.1 C'  HATU/HOAt
883 Q-1236 1924 5221 C' HATU/HOAt Preparative Example 9—Formation of Amines
884 Q-1237 1762 362.1 C'  HATU/HOAt
885 Q-1238 2,05 460.1 C'  HATU/HOAt
886 Q-1239 1404 375.2 I' HATU/HOAt Preparation of 4-(azetidin-3-yl)-2-fluoropyridine
887 Q-1240 1542 436.2 I HATU/HOAt TFA salt
888 Q-1241 1272 3821 C'  HATU/HOAt
889 Q-1243 1368 404.2 I HATU/HOAt
890 Q-1244 1.254  369.1 C'  HATU/HOAt [0894]
891 Q-1246 1.646  390.1 C'  HATU/HOAt
892 Q-1247 1.401  405.2 I HATU/HOAt
893 Q-1249 1388 386.2 I HATU/HOAt
894 Q-1250 1786  417.1 C'  HATU/HOAt I
895 Q-1251 1.162 3282 I HATU/HOAt
896 Q-1254 135 4042 I HATU/HOAt Zn
897 Q-1255 1.537  404.1 HATU/HOALt N p———
898 Q-1256  1.477 4102 7 HATU/HOAt B BICT}I\IZ(;EZBI
899 Q-1259 1.677  375.1 C'  HATU/HOAt

900 Q-1260 1719 410.1 C' HATU/HOAt Step 1
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-continuFed
A
Zal s
Br
/N Pd(dba); P(2-furyl)s
Boc THF 60°C.5h
Step 2
F F
7\ @
~ TFA ~
DCM
Step 3 TFA
N HN
Boc
Step 1:

(1-(tert-butoxycarbonyl)azetidin-3-yl)zinc(Il) iodide
[0895]

Znl

f

[0896] 1,2-Dibromoethane (1.992 g, 10.6 mmmol) was
added to the suspension of Zn (2.86 g, 44.1 mmol) in dry
THF (40 mL) under N, atmosphere. The mixture was
refluxed for 15 min and cooled to r.t. TMSCI (764 mg, 7.08
mmol) was added to the mixture slowly. After the addition,
the mixture was stirred for 45 min at r.t. and then tert-butyl
3-iodoazetidine-1-carboxylate (5 g, 17.7 mmol) in dry THF
(10 mL)) was added. The mixture was stirred for 2 h at 40°
C. to give the zinc reagent solution, which was used in next
step directly.

Boc

Step 2: Synthesis of tert-butyl
3-(2-fluoropyridin-4-yl)azetidine- 1-carboxylate

[0897]

[0898] 4-Bromo-2-fluoropyridine (3 g, 17.142 mmol) in
THF (10 ml) was added to the mixture of Pd(dba), (1.57 g,
1.714 mmol) and Pd(2-furyl); (1.2 g, 5.143 mmol) under N,
atmosphere. Then (1-(tert-butoxycarbonyl)azetidin-3-yl)
zinc(Il) iodide (7.2 g, 20.571 mmol) solution in THF (50

Apr. 6,2017

ml) was added. The mixture was stirred at 60° C. for 5 h.
The reaction was quenched with H,O (10 mL). The precipi-
tate was filtered. The filtrate was extracted with EtOAc (30
ml.x2) and washed with water (200 mL). The combined
organics were dried over Na,SO,. The solvent was then
removed and the residue was purified by silica gel chroma-
tography with CH,Cl,/MeOH: 50/1 to yield the product.
LC-MS: m/z=253 (M+H)+, RT=1.457 min.

Step 3: Synthesis of
4-(azetidin-3-yl)-2-fluoropyridine TFA salt

[0899]
F
@
== TFA
HN
[0900] TFA (5 mL) was added to a solution of tert-butyl

3-(2-fluoropyridin-4-yl)azetidine-1-carboxylate (1.926 g,
7.634 mmol) in DCM (5 mL). The solution was stirred at r.t.
for 3 h. The solvent was removed from the reaction to yield
the product which was used in the next step without further
purification. LC-MS: m/z=153 (M+H)+.

Preparation 1-(3,3-difluorocyclobutyl)piperazine

[0901]
5y HCI o HN
NN HCl F DIPEA
N + ——
EtOH
Cl F reflux 16 h
Step 1
Bn
~y /\
k/ N Pd(OH),
—_—
EtOAc
F Step 2
F

e
(Y
At

F
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[0902] Step 1: Synthesis of 1-benzyl-4-(3,3-difluorocy-
clobutyl)piperazine.

[0903] To a 100 mL of RBF was added N-benzyl-2-
chloro-N-(2-chloroethyl)ethanamine hydrochloride (2.3 g,
8.61 mmol), 3,3-difltuorocyclobutanamine hydrochloride
(1.0 g, 6.99 mmol), 20 mL of EtOH, and 6 mL of DIPEA.
The mixture was stirred at reflux under N, for 16 h. The
reaction mixture was concentrated and purified by combi
flash (isco, silica gel, UV 254, 40 g, EA/PE=1/3) to give the
product. LC-MS (UV 214) 267.2 (M+H)+, RT=2.01 min.

Step 2: Synthesis of
1-(3,3-difluorocyclobutyl)piperazine

[0904]

[0905] To a 100 mlL of RBF was added 1-benzyl-4-(3,3-
difluorocyclobutyl)piperazine (1.0 g, 3.76 mmol), 30 mL of
EtOAc, 0.05 mL of HOAc, and 400 mg of Pd(OH),. The
mixture was stirred at r.t. under H, (2 atm) for 16 h. The
reaction mixture was filtered and the filtrate was concen-
trated to give the title product. LC-MS (UV 214) 177.2
(M+H)+, RT=1.17 min.

Preparation of 1-(2,2-difluorocyclobutyl)piperazine
hydrochloride
[0906]
Boc
| 1 S/i/
AL
[ j MeOH, r.t., 15 h
Step 1
oc Boc
N
HCY
DAST dioxane(4M)
e _ dioxane(@M)
DCM, r.t, 15h N DCM, rt, 15h

Step 2 Step 3
F
O
F
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-continued
% HCI

(]

N

Step 1: Synthesis of tert-butyl-4-(2-oxocyclobutyl)
piperazine-1-carboxylate

[0907]

>

[0908] To the solution of 1,2-bis(trimethylsilyloxy)cy-
clobut-1-ene (12.5 g, 54.24 mmol) in MeOH (40 mL) was
added dropwise a solution of tert-butyl-piperazine-1-car-
boxylate (10.1 g, 54.24 mmol) in MeOH (60 mL) over 30
min. After addition, the reaction mixture was stirred at r.t. for
15 h. The mixture was concentrated and purified by SGC
(eluting with DCM/MeOH=20/1) to get the title compound.
LC-MS: m/7z=199.1 (M-56)+, RT=1.80 min.

Step 2: Synthesis of tert-butyl-4-(2,2-difluorocy-
clobutyl)piperazine-1-carboxylate

[0909]
Boc
[Nj
N
F
F
[0910] To the solution of tert-butyl-4-(2-oxocyclobutyl)

piperazine-1-carboxylate (7.2 g, 28.31 mmol) in DCM (50
ml.) was added DAST (13.69 g, 84.93 mmol). The reaction
mixture was stirred at r.t. for 15 h. It was then quenched with
sat. NaHCO, (100 mL), extracted with DCM (80 mLx3),
and the combined organics were dried over Na,SO, and
concentrated. The residue was purified by SGC (eluting with
PE/EtOAc=10/1-1/1) to give the title compound. LC-MS:
m/z=277.2 (M+H)+, RT=2.01 min.
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Step 3: Synthesis of
1-(2,2-difluorocyclobutyl)piperazine hydrochloride

[0911]

HHCI

()

[0912] To a solution of tert-butyl-4-(2,2-difluorocyclobu-
tyl)piperazine-1-carboxylate (950 mg, 3.44 mmol) in DCM
(10 mL) was added HCl (4 mL, 4 M in dioxane). The
reaction mixture was stirred at r.t. for 15 h, concentrated, and
washed with EtOAc (40 mL) to give the title compound.
LC-MS: m/z=177.2 (M+H)+, RT=1.15 min.

Preparation of
2-(piperidin-4-yl)oxazole-4-carbonitrile

hydrochloride
[0913]
HCl N,
O,
HO O
(6]
DABCO, NCS
DCM
N step 1
Boc

1

\

-~

(¢] (¢]
/ NBS, LiOH,
N 0 DCE N 0 THF
—_— ™ —_—
80° C. H20
step 2 step 3
N N
Boc Boce
¢] ¢]
HO HN
HATU,
HOAt
Na P2 Na P TFAA
TEA, TEA,
THF THF
step 4 step 5
N N
Boc Boc

Apr. 6,2017
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-continued

NC NC

¥
¥

HCl/dioxane

DCM
step 6

Z

{0~

O

Z

e}

X

H HCI
Boce

Step 1: Synthesis of methyl 2-(1-(tert-butoxycarbo-
nyl)piperidin-4-yl)-2,5-dihydrooxazole-4-carboxy-
late

[0914]
(6]
\O
N/ (6]
N
|
Boc
[0915] The mixture of methyl 2-amino-3-hydroxypro-

panoate (80 g, 516.4 mmol) and DABCO (157.74 g, 1408.45
mmol) in 2 liters of DCM was stirred for 40 min. Then
tert-butyl 4-formylpiperidine-1-carboxylate (100 g, 469.48
mmol) was added to the mixture and stirred for 40 min at r.t.
The mixture was cooled to 0° C. and then NBS (68.68 g,
516.4 mmol) in 500 mL of DCM was added dropwise to the
mixture. The mixture was warmed to r.t. and stirred over-
night. The reaction was quenched with sat. aq. Na,S,0s,
extracted with DCM (300 MIx2), and washed with aq.
NaHCO;. The combined organics were dried over Na,SO,,
concentrated and purified by SGC (PE/EA=3/2) to get the
title compound. LC-MS: m/z=335 (M+23)+, RT=1.97 min.

Step 2: Synthesis of methyl 2-(1-(tert-butoxycarbo-
nyl)piperidin-4-yl)oxazole-4-carboxylate
[0916]

N\

6}

Boce
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[0917] A mixture of methyl 2-(1-(tert-butoxycarbonyl)
piperidin-4-y1)-2,5-dihydrooxazole (10 g, 32.25 mmol),
NBS (5.74 g, 32.25 mmol), and K,CO; (5.34 g, 38.7 mmol)
in 100 mL of DCE was heated to 80° C. and stirred for 2 h.
The mixture was then cooled to 0° C. and quenched with sat.
ag. Na,S,0;, extracted with DCM (100 mLx3), and washed
with aq. NaHCO;. The combined organics were dried over
Na,SO,, concentrated and purified by SGC (PE/EA=3/2) to
get the title compound. LC-MS: m/z=333 (M+23)+, RT=1.
48 min.

Step 3: Synthesis of 2-(1-(tert-butoxycarbonyl)pip-
eridin-4-yl)oxazole-4-carboxylic acid

[0918]
(6]
HO
N\ (0]
N
Boc
[0919] A solution of methyl 2-(1-(tert-butoxycarbonyl)

piperidin-4-yl) oxazole-4-carboxylate (6 g, 19.35 mmol) and
LiOH.H,O (2.438 g, 58.06 mmol) in THF/H,O (40 mL,
v/v=1/1) was stirred for 16 h at 25° C. The mixture was
adjusted to pH=3 with 1N HCI and then extracted with EA
(60 mLx3). The combined organics were dried over
Na,SO,. The solvent was removed under reduced pressure.
The residue was used for the next step directly. LC-MS:
m/z=319 (M+23)+, RT=1.34 min.

Step 4: Synthesis of tert-butyl
4-(4-carbamoyloxazol-2-yl)piperidine-1-carboxylate

[0920]

H,N

Boc

Apr. 6,2017

[0921] The mixture of 2-(1-(tert-butoxycarbonyl)piperi-
din-4-yl)oxazole-4-carboxylic acid (4 g, 13.51 mmol),
NH,CI (1.702 g, 27.02 mmol), HATU (6.16 g, 16.212
mmol), HOAt (2.204 g, 16.212 mmol) and TEA (4.093 g,
40.53 mmol) in 50 mL. of THF was stirred overnight at r.t.
The reaction was quenched with water, extracted with EA
(60 mLx3), and washed with aq. NaCl. The combined
organics were dried over Na,SO,, concentrated, and purified
by SGC (PE/EA=1/4) to get the title compound. LC-MS:
m/z=318 (M+23)+, RT=1.77 min.

Step 5: Synthesis of tert-butyl
4-(4-cyanooxazol-2-yl) piperidine-1-carboxylate

[0922]

NC

e

N\O

Boc

[0923] To a solution of tert-butyl 4-(4-carbamoyloxazol-
2-yl) piperidine-1-carboxylate (2.5 g, 8.474 mmol) in TEA
(10 mL) and THF (10 mlL) was added TFAA (4 ml)
dropwise at 0° C. The reaction mixture was stirred at room
temperature overnight. The solvent was removed under
reduced pressure, and the residue was purified by SGC
(PE/EA=2/1) to get the title compound. LC-MS: m/z=300
(M+23)+; RT=2.01 min.

Step 6: 2-(piperidin-4-yl) oxazole-4-carbonitrile

hydrochloride
[0924]
NC
N\ (0]
N
HHCI
[0925] To a solution of tert-butyl 4-(4-cyanooxazol-2-yl)

piperidine-1-carboxylate (1.3 g, 4.693 mmol) in EA (5§ mL)
was added 3N HCVEA (5 mL). The mixture was stirred for
1 h at r.t. The resulting precipitate was collected and dried
under vacuum after washing with diethyl ether to afford the
title compound. LC-MS: m/z=178 (M+1)+, RT=0.21 min.
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Preparation of 5-(azetidin-2-yl)-2-fluoropyridine
hydrochloride

+ \\
T1(1PrO)4

step 1

[0926]

1) Zn (9 eq)
BrCH,CH,Br(1.8 eq)
THF, refluxed, 15 mins
TMSCI (1.2 eq), rt, 40 min

O

Yl e

3. 5 eq)
50°C.,2h
3)2(1.0eq)
0°C.,6h
step 2

\N/ )
LiAIH,

S (2.0 eq)

| THF
0°C., 30 min
N F step 3

S TsCI/KOH
O¢ \N \ R —
H | THF
> step 4
N F

0,
\\S < HCl
/ NH
N

HCIY/DCM
2RV AN
\ step 5
w ’

Step 1: Synthesis of (E)-N-((6-fluoropyridin-3-yl)
methylene)-2-methylpropane-2-sulfinamide

\

[0927]
S
o? SxZ | AN
P
N F

Apr. 6,2017
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[0928] A mixture of 6-fluoronicotinaldehyde (4.7 g, 37.6
mmol) and titanium isopropoxide (1.37 g, 75.2 mmol) in dry
THF (90 mL) was stirred at r.t. for 30 mins under nitrogen.
Then a solution of 2-methyl-2-propanesulfinamide (4.56 g,
37.6 mmol) in dry THF (10 mL) was added. The reaction
mixture was stirred at r.t. for 16 h, diluted with EtOAc (200
ml) and MeOH (50 mL), and then brine (100 mL) was
added slowly. The mixture was stirred at r.t. for 30 mins and
filtered. The solid was washed with EtOAc (200 mL.x2). The
filtrate was extracted with EtOAc (200 m[.x3). The com-
bined organics were washed with brine (50 ml.x2), dried
over Na,SO,, and concentrated. The residue was purified by
SGC (PE/EtOAc=5/1) to give the title compound. LC-MS:
m/z=303 (M+H)+, RT=1.61 min.

Step 2: Synthesis of methyl 3-(1,1-dimethylethyl-
sulfinamido)-3-(6-fluoropyridin-3-yl) propanoate

[0929]

o
\i/ .
25N
o) N AN
S
=
N F

[0930] To a suspension of Zn dust (13.13 g, 200.7 mmol)
in dry THF (130 mL) was added 1, 2-Dibromoethane (7.53
g, 40.1 mmol). The mixture was stirred at reflux for 20 mins
and then was cooled to r.t. TMSCI (2.91 g, 26.8 mmol) was
added and stirred for 1 h at r.t. Then methyl 2-bromoacetate
(10.05 g, 66.9 mmol) was added and stirred for 2 h at 50° C.
The mixture was cooled to r.t. The resulting solution was
dropped into a solution of (E)-N-((6-fluoropyridin-3-yl)
methylene)-2-methylpropane-2-sulfinamide (5.09 g, 22.3
mmol) in dry THF (20 mL) at 0° C. The mixture was stirred
at 0° C. for 6 h, diluted with DCM (100 mL), washed with
0.25 M aq. citric acid (200 m[.x2), sat. aq. NaHCO; (50
ml.x2), brine (50 mL.x2), dried over Na,SO,, and concen-
trated to give the ftitle compound. LC-MS: m/z=303
(M+H)+, RT=1.61 min.

Step 3: Synthesis of N-(1-(6-fluoropyridin-3-y1)-3-
hydroxypropyl)-2-methylpropane-2-sulfinamide
[0931]

Y

S
O/ \g AN

OH

Z
N F

[0932] To a solution of methyl 3-(1,1-dimethylethylsulfi-
namido)-3-(6-fluoropyridin-3-yl)propanoate (3.32 g, 11.0
mmol) in dry THF (50 mL) was added 1 M LiAlH, THF
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solution (22 ml., 22 mol) at 0° C. The mixture was stirred
at 0° C. for 30 mins, diluted with EtOAc (200 mL),
quenched with Na,SO,10H,0 (22 g) in portions. The mix-
ture was stirred at r.t. for 30 mins and filtered. The solid was
washed with MeOH (20 mL). The filtrate was dried over
Na,SO, and concentrated to give the crude title compound.
LC-MS: m/z=275 (M+H)+; RT=1.60 min.

Step 4: Synthesis of 5-(1-(tert-butylsulfinyl) azeti-
din-2-yl)-2-fluoropyridine

[0933]
O,
\\S
/
N
®
F
N F
[0934] To a solution of N-(1-(6-fluoropyridin-3-yl)-3-hy-

droxypropyl)-2-methylpropane-2-sulfinamide (2.7 g, 9.85
mmol) in dry THF (50 mL) was added potassium hydroxide
(1.65 g, 29.55 mmol) and 4-methylbenzene-1-sulfonyl chlo-
ride (2.25 g, 11.82 mmol). The mixture was stirred at reflux
for 5 h and cooled to r.t. The mixture was diluted with DCM
(200 mL), washed with brine (20 mL.x2), dried over Na,SO,,
and concentrated. The residue was purified by SGC (PE/
EtOAc=2/1) to give the title compound. LC-MS: m/z=257
(M+H)+; RT=1.61 min.

Step 5: Synthesis of
5-(azetidin-2-y1)-2-fluoropyridine hydrochloride

[0935]

NH

[0936] To a solution of 5-(1-(tert-butylsulfinyl)azetidin-2-
yD)-2-fluoropyridine (1.14 g, 4.45 mmol) in DCM (20 mL)
was added 4 M HCl/Dixoane solution (16.7 mL., 66.8 mmol)
at 0° C. The mixture was stirred at r.t. for 30 mins then
concentrated to give the title compound. LC-MS: m/z=124
(M-28)+, RT=0.308 min.

[0937] Preparation 6-cyclopropyl-3,6-diaza-bicyclo[3.1.
1]heptane dihydrochloride:

-

¢}

OTMS

Boce
\N\/E“
NH

NaBH;CN
60°C.,15h
step 1

Apr. 6,2017
-continued
B
"Ny HCYDCM
N step 2

Y,

Step 1: Synthesis of tert-butyl 6-cyclopropyl-3,6-
diaza-bicyclo[3.1.1]heptane-3-carboxylate

[0938]

[0939] To a solution of tert-butyl 3,6-diaza-bicyclo[3.1.1]
heptane-3-carboxylate (1.5 g, 7.58 mmol) and (1-ethoxycy-
clopropoxy)trimethylsilane (3.1 ml, 15.45 mmol) in 10 ml of
MeOH and 10 ml of THF were added sodium cyanoboro-
hydride (715 mg, 11.35 mmol) and acetic acid (2.2 ml, 38.50
mmol). The mixture was stirred at 60° C. under N, for 12 h.
After cooling to r.t., 1 ml of water was added and the mixture
was stirred for 5 min. It was then treated with 1N NaOH (2.5
ml) and stirred for 15 min. The mixture was concentrated
and the aqueous phase was extracted with DCM (100 ml).
The organic phase was washed with 1N NaOH (50 ml). The
combined aqueous phase was extracted with DCM (2x100
ml). The combined organics were washed with brine, dried
over sodium sulphate and concentrated to give crude product
which was used for the next step without further purification.
LC-MS: m/7z=239 (M+H)+, RT=2.26 min.

Step 2: Synthesis of
6-cyclopropyl-3,6-diaza-bicyclo[3.1.1]heptane
dihydrochloride

[0940]

"
N,
2HCL "\

[0941] To a solution of tert-butyl 6-cyclopropyl-3,6-diaza-
bicyclo[3.1.1]heptane-3-carboxylate (1.8 g crude, 7.56
mmol) in 40 mL of dichloromethane was added 25 mL of 4N
HCI solution in 1,4-dioxane. The mixture was stirred at r.t.
for 7 h and then stirred at 4° C. overnight. The upper clear
solution was poured out and the sticky solid on the bottom
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of the flask was dried under vacuum to give the product. Preparative Example 12—Formation of tert-butyl
LC-MS: m/z=139 (M+H)+, RT=0.44 min. 4-(1H-indol-4-yl)piperidine-1-carboxylate
Preparative Example 10—Formation of [0944]
4-(2,2,2-trifluoroethyl)piperidine
[0942) HOS -
(€] OTf
Ru(bpy);CL6H,0 /
_—_—
NBoc umemoto reagent N
%:/\ pyridine/MeOH/r.t LDA \ H
Pd(PPhy)s

10%
Pd/C N N
BoeN + BoeN — e |
H, Boce Boc
CF3 CF3
4AMHCY
dioxane Boc Boc
BocN —_— HN |
N N
CF3 CF3

P
Preparative Example 11—Formation of o,
(1R,58)-3-azabicyclo[3.1.0]hexan-1-ol / H /
[0943] N N
H H
o”
O . .
Preparative Example 13—Formation of 1,1,1,3,3,3-
\O NH.HCL EtsN/CH,Cly/it hexafluoro-2-(piperidin-4-yl)propan-2-ol
[0945]
o Br
O —_— F
)k/% K>COs/DMF/1t
F F
\O
F F
O OH O O
| \ TMSCFs,
/ ¢ CDI, dioxane Me,NF
o] Cl —_— —_—
)k/ CITigOPr)/THF
N N N
\O
OH Chz Cbz
q OH OH
ol F;C CF;s FsC CF;s
N PA/C, Hy u
5 MeOH PdC
—
N
H
N N
H
Cbz
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Preparative Example 14—Formation of -continued
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Examples 947-953

[0950] Examples 947-953 in Table 23 were prepared by
coupling an appropriate carboxylic acid with an appropriate
amine using the specified reaction conditions.

TABLE 23

Apr. 6,2017

LC-MS
Ex. Ref. (Retention MS LC-MS
No. No. Time) (M + H)* Method Reaction Conditions

Acid
Scale

947 Q-1127 1.553 419.2 A" Acid (1 eqv.), amine (1.1 eqv.),
HATU (1.2 eqv.), HOAt (1.2
eqv.), NMM (3 eqv.), THF,
room temperature, 16 h

948 QQ-1133 1.749 394.1 C’  Acid (1 eqv.), amine (1.1 eqv.),
HATU (1 eqv.), HOAt (1 eqv.),
TEA (4 eqv.), THF, room
temperature, 2 h

949 Q-1169 1.514 418.2 F Acid (1 eqv.), amine (1.1 eqv.),
HATU (1 eqv.), HOAt (1 eqv.),
NMM (4 eqv.), THF, room
temperature, 16 h

950 Q-1195 1.302 380.2 I’ Acid (1 eqv.), amine (leqv.),
HATU (1.2 eqv.), HOAt (1.2
eqv.), NMM (7 eqv.), DMF,
room temperature, 3 h

951 Q-1204 1.579 419.1 C’  Acid (1 eqv.), amine (1.1 eqv.),
HATU (1.1 eqv.), HOAt (1
eqv.), NMM (2.6 eqv.), THF,
60 C., 16h

952 Q-1242 1.771 394.1 C’  Acid (1 eqv.), amine (1.1 eqv.),
HATU (1.1 eqv.), HOAt (1
eqv.), NMM (4 eqv.), THF,
room temperature, 16 h

953 Q-1245 1.455 419.1 C’  Acid (1 eqv.), amine (1.1 eqv.),
HATU (1 eqv.), HOAt (1 eqv.),
NMM (4 eqv.), THF, room
temperature, 16 h

21 g

820 mg

19 g

700 mg

800 mg

Example 954—Assays of SPR Inhibitory Activity

[0951] Compounds were assayed for SPR inhibitory activ-
ity using a TR-FRET (homogeneous, time-resolved, fluo-
rescence resonance energy transfer) assay according to the
procedure described in Haruki et al., Science, 430:987
(2013). Terbium labelled SNAP-hSPR and SSZ (sulfasala-
zine) labelled SNAP-EGFP were used as the protein pair in
this assay. Compounds were screened at different concen-
trations, and 1050 and Kd values calculated. SPR inhibitory
activity of the compounds is provided in Table 24.

[0952] Compounds were assayed for SPR inhibitory activ-
ity using a SKN-N-BE (2) cellular assay according to the
following procedure. SK-N-BE (2) cells were seeded in
sterile, 96-well plates and incubated for 12-24 hours at 37°
C. with 5% CO, supply. Media was removed and fresh
DMEM/F-12 media (containing Glutamine & Pen/Strep but
no FBS) was added. Compounds (at different concentra-
tions) were added to different wells. The plates were then
incubated for 6-48 hours at 37° C. with 5% CO, supply.
Plates were then centrifuged and the supernatant was
removed. The plates were then optionally washed once with
PBS. They were then sealed and stored at -80° C. or
immediately used in the next step. The cells were lysed and
the levels of BH4 were assessed by LC-MS. SPR inhibitory
activity of the compounds is provided in Table 24.

[0953] Compounds were assayed for inhibition of BH4
production using human peripheral blood mononuclear cells
(PBMCs) according to the following procedure. PBMCs
were either purchased or isolated from fresh human blood

and used either as a fresh preparation or frozen for later use.
The assay system was prepared by pre-treating the assay
plates overnight with a solution containing anti-human CD3
antibody. Human PBMCs were suspended in assay medium
and plated into the assay plates at a density of 1-4x10° cells
per well. The desired concentration of the test compound
was added to each well. A solution of human anti-CD28
antibody was also added to each well. Plates are incubated
for 12-48 hours at 37° C. and 5% CO,. Assay plates were
centrifuged for 5-15 minutes at 1-3000 RMP and superna-
tants were removed. The cells were lysed, sealed and used
directly or frozen at —80° C. LC-MS was used to quantify the
amount of inhibition of BH4 production and is provided in
Table 24.

TABLE 24
hTR-FRET  SK-N-BE(2) hPBMC TR FRET
IC50 IC50 1C50 Kd
Compound (M) (rM) (rM) (nM)

Q-0001 0.02 2.7
Q-0002 0.03
Q-0003 14
Q-0004 0.07
Q-0005 33
Q-0006 41
Q-0007 0.10
Q-0008 48
Q-0009 0.3 22
Q-0010 72
Q-0011 77
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TABLE 24-continued TABLE 24-continued
hTR-FRET  SK-N-BE(2) hPBMC TR FRET hTR-FRET  SK-N-BE(2) hPBMC TR FRET
IC50 1C50 1C50 Kd IC50 IC50 1C50 Kd
Compound (M) (M) (HM) @M) Compound (uM) (M) (M) @M)
Q-0012 81 Q-0345 0.01 78
Q-0013 88 Q-0346 0.008 5.3
Q-0014 88 Q-0347 0.01 75
Q-0015 100 Q-0348 0.01 6.4
Q-0016 101 Q-0349 0.03 57
Q-0017 118 Q-0350 0.02 1
Q-0018 125 Q-0351 0.01 4.6
Q-0019 129 Q-0352 0.02 13
Q-0020 129 Q-0353 0.05 15
Q-0021 133 Q-0354 0.002 0.1 0.38
Q-0022 139 Q-0358 0.1 2
Q-0023 141 Q-0359 0.003 1.1
Q-0024 153 Q-0361 0.01 0.6
Q-0025 268 Q-0362 0.02 29
Q-0026 295 Q-0363 0.03 5.8
Q-0027 326 Q-0364 0.07 16
Q-0028 364 Q-0365 0.05 12
Q-0029 406 Q-0366 0.4 128
Q-0030 484 Q-0367 0.07 1
Q-0031 495 Q-0368 0.01 29
Q-0055 7 Q-0369 0.2 28
Q-0214 1123 Q-0370 0.1 2
Q-0248 0.6 575 Q-0371 0.07 14
Q-0279 0.007 1.0 22 Q-0372 0.005 0.3
Q-0280 0.06 16 Q-0373 0.02 15
Q-0281 0.06 9.0 Q-0374 0.009 1.2
Q-0282 0.03 4.4 Q-0375 0.02 2.5
Q-0283 15 Q-0376 0.03 8.2
Q-0284 29 Q-0377 0.04 6.3
Q-0285 40 Q-0378 0.03 4.1 0.74
Q-0286 0.01 Q-0379 0.002 0.084 0.28
Q-0287 0.02 Q-0380 0.007 2.7
Q-0290 2.0 Q-0381 0.01 2.1
Q-0291 2.7 Q-0382 0.003 0.1
Q-0292 40 Q-0383 0.3 69
Q-0298 0.02 1.5 Q-0384 14
Q-0299 0.005 1.2 Q-0385 0.03 3.8
Q-0300 0.009 5.0 Q-0387 0.01 3.7
Q-0301 0.2 Q-0388 0.1 36
Q-0302 0.009 1.2 Q-0389 0.02 5.6
Q-0303 0.007 0.9 Q-0390 0.02 12
Q-0304 0.04 67 Q-0393 0.006 0.8
Q-0305 0.03 4.6 Q-0394 1.5
Q-0306 25 Q-0395 0.02 0.5
Q-0307 0.009 4.2 Q-0396 0.002 0.061
Q-0308 0.02 2.0 Q-0397 0.02 2.3
Q-0310 0.06 12 Q-0398 0.01 0.072
Q-0311 0.04 11 Q-0399 0.003 0.024
Q-0312 0.02 10 Q-0400 0.004 0.2
Q-0313 0.006 1.5 Q-0401 0.03 0.4
Q-0314 0.02 5.8 Q-0402 0.01 0.041
Q-0316 0.3 Q-0403 0.009 1.1
Q-0317 0.06 20 Q-0404 0.04 43
Q-0318 0.006 2.1 Q-0405 0.01 15
Q-0319 0.01 2.2 Q-0406 0.05 2.0
Q-0320 13 Q-0407 1.7
Q-0321 0.9 Q-0408 0.01 0.075
Q-0322 0.2 Q-0409 0.2 25
Q-0323 0.3 35 Q-0410 0.002 0.2
Q-0327 0.007 12 Q-0411 0.009 2.7
Q-0328 0.01 53 Q-0412 0.009 0.5
Q-0329 0.01 3.5 Q-0413 2.2
Q-0330 0.02 6.1 Q-0414 0.006 0.3
Q-0331 0.08 15 Q-0415 0.03 1.2
Q-0332 0.01 2.5 Q-0416 0.02 2.8
Q-0333 0.02 12 Q-0417 0.004 0.9
Q-0334 0.08 49 Q-0418 0.002 0.05 0.032
Q-0339 0.009 1.5 Q-0419 0.005 0.7
Q-0340 0.007 1.1 Q-0420 0.007
Q-0341 0.005 1.8 Q-0421 0.003 0.7
Q-0342 0.01 2.4 Q-0422 0.003 0.2
Q-0343 0.1 40 Q-0423 0.005 0.1 0.41

Q-0344 0.07 23 Q-0424 0.004 1.1
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TABLE 24-continued TABLE 24-continued
hTR-FRET  SK-N-BE(2) hPBMC TR FRET hTR-FRET  SK-N-BE(2) hPBMC TR FRET
IC50 1C50 1C50 Kd IC50 IC50 1C50 Kd
Compound (M) (M) (HM) @M) Compound (uM) (M) (M) @M)
Q-0425 0.03 2.1 Q-0500 0.03 0.097
Q-0426 0.1 16 Q-0501 0.009 0.2
Q-0427 0.009 3.1 1.1 Q-0502 0.02 0.4
Q-0428 0.003 0.019 Q-0503 4.0
Q-0429 0.1 49 Q-0504 0.004 0.058
Q-0431 0.003 0.5 Q-0505 0.004 0.1
Q-0432 0.04 6.5 Q-0506 0.003 0.2
Q-0433 0.2 58 Q-0507 0.01 0.2
Q-0434 0.005 0.2 Q-0508 0.03 2.0
Q-0435 0.02 1.2 Q-0509 0.003 0.068
Q-0436 4.6 Q-0510 0.005 0.1
Q-0437 5.0 Q-0511 0.003 0.3
Q-0438 0.10 35 Q-0513 0.01 0.047
Q-0439 0.001 0.096 Q-0514 0.007 0.057
Q-0440 0.009 14 Q-0515 0.04 5.3
Q-0441 0.1 31 Q-0517 0.002 0.1
Q-0442 0.004 0.2 Q-0518 0.003 0.5 0.032
Q-0443 0.009 3.9 Q-0519 0.003 0.053 0.12
Q-0444 0.01 2.7 Q-0520 0.003 0.2
Q-0445 0.01 0.9 Q-0521 0.008 0.1
Q-0446 0.007 0.096 Q-0522 0.3 10
Q-0447 0.4 Q-0523 0.02 0.1
Q-0448 15 Q-0524 0.004 1.1
Q-0449 0.003 0.078 Q-0525 0.001 0.019 0.024
Q-0450 0.005 0.3 Q-0526 0.003 0.028
Q-0451 0.002 0.019 0.013 Q-0527 0.03 0.045
Q-0452 0.8 Q-0528 0.07 0.8
Q-0453 0.006 1.6 13 Q-0529 0.01 0.1
Q-0454 0.3 Q-0530 0.03 1.8
Q-0455 16 Q-0531 0.004 0.062
Q-0456 0.008 0.5 Q-0532 0.02 0.044
Q-0457 0.1 Q-0533 0.002 0.069
Q-0458 0.006 0.4 Q-0534 0.003 0.1
Q-0459 0.002 0.059 Q-0535 0.004 0.4
Q-0460 0.003 0.6 Q-0536 0.007 0.059
Q-0461 0.003 0.4 Q-0537 0.04 0.2
Q-0462 0.005 0.094 Q-0540 0.3
Q-0463 0.004 0.3 Q-0541 0.2
Q-0464 0.003 0.3 Q-0542 0.1
Q-0465 0.3 150 Q-0543 0.003 0.4
Q-0466 0.001 0.059 Q-0544 0.03
Q-0467 0.002 0.082 0.1 Q-0545 0.002 0.041
Q-0468 0.007 0.2 Q-0546 0.009 0.084
Q-0469 0.004 0.037 Q-0547 23 10
Q-0470 0.005 1.0 Q-0548 0.02 2.1
Q-0471 0.08 16 Q-0549 0.004 0.4
Q-0472 0.2 17 Q-0550 0.002 0.1
Q-0473 0.006 0.092 Q-0551 0.006 0.5
Q-0474 0.007 0.6 Q-0552 0.007 0.038
Q-0475 0.005 0.3 Q-0553 0.006 0.2
Q-0476 0.003 0.056 Q-0555 0.02 0.7
Q-0477 0.005 0.091 Q-0556 0.007 0.6
Q-0478 0.006 14 Q-0557 0.008 0.6
Q-0479 0.006 0.1 Q-0558 5.0 10
Q-0480 0.009 0.3 Q-0559 0.007 0.038
Q-0481 0.03 95 Q-0560 0.003 0.012
Q-0482 0.008 1.0 Q-0561 0.004 0.011
Q-0483 0.004 0.049 Q-0562 0.004 0.2
Q-0485 0.009 0.062 Q-0563 0.005 0.3
Q-0486 0.006 0.1 Q-0564 0.2 4.0
Q-0487 0.003 0.6 Q-0565 0.006 0.011
Q-0488 0.02 1.2 Q-0566 5.0 10
Q-0489 0.008 0.053 Q-0567 0.003 0.02
Q-0490 0.007 0.1 Q-0568 0.006 0.2
Q-0491 0.02 0.037 Q-0569 0.01 0.3
Q-0492 0.008 0.2 Q-0570 0.003 0.023
Q-0493 0.03 0.029 Q-0571 0.003 0.073 0.067
Q-0494 0.006 0.3 Q-0572 0.002 0.036 0.024
Q-0495 0.005 0.051 Q-0573 0.003 0.035
Q-0496 0.007 0.4 Q-0574 0.006 0.047
Q-0497 0.009 0.4 Q-0575 0.003 0.2
Q-0498 0.02 0.03 Q-0576 0.006 0.1
Q-0499 0.02 0.044 Q-0577 0.04 2.1
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TABLE 24-continued TABLE 24-continued
hTR-FRET  SK-N-BE(2) hPBMC TR FRET hTR-FRET  SK-N-BE(2) hPBMC TR FRET
IC50 1C50 1C50 Kd IC50 IC50 1C50 Kd
Compound (M) (M) (HM) @M) Compound (uM) (M) (M) @M)
Q-0578 0.008 0.7 Q-0714 0.03 8.1
Q-0579 0.005 0.1 Q-0715 0.002 0.097
Q-0580 0.003 0.022 Q-0716 0.002 0.4
Q-0582 0.02 1.0 Q-0718 0.004 0.2
Q-0583 0.1 3.7 Q-0719 0.002 0.2
Q-0584 0.2 10 Q-0720 0.001 0.3
Q-0585 0.006 0.033 Q-0721 0.001 0.035 0.026
Q-0586 0.002 0.2 0.13 Q-0722 0.02 3.3
Q-0587 0.01 0.021 Q-0723 0.003 0.2
Q-0588 0.07 47 Q-0724 0.002 0.2
Q-0589 0.06 1.7 Q-0725 0.001 0.1
Q-0590 0.003 0.015 Q-0726 0.001 0.074
Q-0591 0.003 0.1 0.045 Q-0727 0.001 0.081
Q-0592 0.02 0.076 Q-0730 0.001 0.2
Q-0593 0.2 7.4 Q-0731 0.002 0.053
Q-0594 0.3 3.6 Q-0732 0.001 0.1
Q-0595 0.07 44 Q-0734 0.004 0.3
Q-0596 0.004 0.016 Q-0735 0.003 0.095
Q-0597 0.003 0.053 Q-0736 0.002 0.2
Q-0598 0.004 0.01 Q-0737 0.005 0.2 0.037
Q-0599 0.002 0.012 Q-0738 0.001 0.1
Q-0600 0.001 0.057 Q-0739 0.002 0.3
Q-0601 0.005 0.1 Q-0741 0.004 0.4
Q-0602 0.02 1.2 Q-0743 0.004 0.4
Q-0603 0.006 0.1 Q-0744 0.003 0.1
Q-0604 0.007 0.072 Q-0745 0.004 0.2
Q-0605 0.2 10 Q-0746 0.004 0.6
Q-0606 0.002 0.051 Q-0747 0.008 0.8
Q-0607 0.005 0.087 Q-0748 0.004 0.9
Q-0608 0.002 0.056 Q-0749 0.003 0.05
Q-0609 0.001 0.084 Q-0750 0.003 0.5 0.18
Q-0610 0.01 10 Q-0751 0.003 0.2
Q-0611 0.004 0.029 Q-0752 0.004 0.5
Q-0612 0.01 26 Q-0753 0.002 0.2
Q-0614 0.01 1.6 Q-0754 0.009 0.1
Q-0615 0.003 0.019 Q-0755 0.004 0.5
Q-0616 0.002 0.1 Q-0756 0.004 0.8
Q-0617 0.02 3.0 Q-0757 0.002 0.2
Q-0618 0.001 0.025 Q-0758 0.002 0.09
Q-0619 0.003 0.3 Q-0759 0.001 0.2
Q-0620 0.001 0.1 Q-0760 0.001 0.4 0.075
Q-0621 0.02 52 Q-0761 0.002 0.2 0.14
Q-0622 0.001 0.058 Q-0762 0.002 0.2
Q-0623 0.001 0.078 Q-0764 0.002 0.3 0.10
Q-0624 0.002 0.032 Q-0765 0.005 0.3
Q-0626 0.001 0.014 Q-0768 0.002 0.2 0.045
Q-0627 0.009 10 Q-0770 0.002 0.2
Q-0630 0.009 10 Q-0771 0.001 0.2
Q-0632 0.004 7.3 Q-0772 0.001 0.2 0.072
Q-0633 0.005 0.4 Q-0773 0.006 1.7
Q-0634 0.003 0.7 Q-0774 0.2 10
Q-0635 0.002 0.1 0.054 Q-0775 0.002 1.0
Q-0681 0.001 0.2 Q-0777 0.001 0.3 0.055
Q-0690 0.002 0.2 0.072 Q-0779 0.02 10
Q-0691 0.002 0.091 Q-0780 0.001 0.2
Q-0693 0.003 0.8 0.45 Q-0781 0.001 0.2
Q-0696 0.004 0.4 Q-0782 0.001 0.1 0.038
Q-0697 0.004 0.2 Q-0783 0.002 0.3
Q-0698 0.001 0.071 Q-0784 0.001 0.3 0.12
Q-0700 0.002 0.1 Q-0785 0.001 0.2
Q-0701 0.002 0.082 Q-0788 0.01 3.6
Q-0702 0.002 0.032 Q-0789 0.008 2.5 0.44
Q-0703 0.004 0.6 0.19 Q-0790 0.007 14
Q-0704 0.002 0.2 Q-0791 0.002 0.6
Q-0705 0.002 0.043 Q-0792 0.006 2.1
Q-0706 0.002 0.03 Q-0793 0.003 1.0
Q-0707 0.005 0.3 Q-0794 0.01 3.5 0.41
Q-0708 0.001 0.097 Q-0795 0.002 0.5
Q-0709 0.001 0.028 Q-0796 0.001 0.2
Q-0710 0.002 0.2 Q-0797 0.001 0.1 0.027
Q-0711 0.002 0.086 Q-0798 0.002 0.3
Q-0712 0.002 0.3 Q-0799 0.001 0.3

Q-0713 0.001 0.2 Q-0800 0.002 0.6 0.047
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TABLE 24-continued TABLE 24-continued
hTR-FRET  SK-N-BE(2) hPBMC TR FRET hTR-FRET  SK-N-BE(2) hPBMC TR FRET
IC50 1C50 1C50 Kd IC50 IC50 1C50 Kd
Compound (M) (M) (HM) @M) Compound (uM) (M) (M) @M)
Q-0802 0.001 0.067 Q-0881 2.3
Q-0803 0.001 0.2 Q-0882 0.2
Q-0804 0.001 0.3 0.094 Q-0883 13
Q-0805 0.004 2.3 Q-0884 0.2
Q-0806 0.003 1.2 Q-0885 0.4
Q-0807 0.002 0.4 Q-0886 5.4
Q-0808 0.001 0.2 Q-0887 0.001 0.2 0.057
Q-0809 0.006 0.9 Q-0888 0.005 0.4 0.24
Q-0812 0.003 1.0 0.15 Q-0890
Q-0813 0.001 0.1 0.065 Q-0891 0.004 0.9 0.24
Q-0814 0.002 0.4 Q-0892 0.002 0.4 0.076
Q-0815 0.001 0.1 0.072 Q-0893 0.3
Q-0816 0.001 0.6 0.17 Q-0894 0.1
Q-0817 0.001 0.2 0.044 Q-0895 14
Q-0818 0.002 0.9 Q-0896 0.001 0.3 0.049
Q-0819 0.001 0.2 Q-0897 0.5
Q-0820 0.001 0.04 Q-0899 0.001 0.3 0.048
Q-0821 0.001 0.1 0.051 Q-0900 2.3
Q-0822 0.002 0.4 0.13 Q-0901 10
Q-0823 0.001 0.066 Q-0902 0.1
Q-0824 0.005 1.8 Q-0905 0.6
Q-0825 0.002 0.4 0.15 Q-0906 0.003 0.8 0.19
Q-0826 0.001 0.1 Q-0907 0.4
Q-0827 0.002 0.065 Q-0908 0.001 0.3 0.13
Q-0828 0.004 0.05 Q-0909 0.1
Q-0829 0.001 0.08 Q-0910 0.002 0.5 0.074
Q-0830 0.001 0.041 Q-0911 0.002 0.4 0.11
Q-0831 0.002 0.4 Q-0912 0.9
Q-0832 0.001 0.2 Q-0913 0.002 0.5 0.087
Q-0833 0.006 0.2 Q-0914 0.6
Q-0835 0.002 0.1 0.039 Q-0915 0.002 0.5 0.092
Q-0836 0.005 0.3 0.052 Q-0916 0.7
Q-0837 0.001 0.2 0.063 Q-0917 0.003 0.7 0.10
Q-0839 0.008 15 Q-0918 0.002 0.6 0.12
Q-0840 0.003 0.2 Q-0919 1.7
Q-0842 0.002 0.7 Q-0920 0.5
Q-0843 0.001 0.2 Q-0921 0.002 0.4 0.047
Q-0844 0.001 0.2 Q-0922 1.0
Q-0845 0.003 0.4 Q-0923 13
Q-0846 0.002 0.2 Q-0924 0.002 0.2 0.051
Q-0847 0.02 8.8 Q-0925 0.5
Q-0848 0.002 10 Q-0926 0.001 0.2 0.045
Q-0849 0.001 0.3 0.044 Q-0927 0.001 0.2 0.081
Q-0850 0.001 0.3 0.074 Q-0928 0.2
Q-0851 0.002 0.5 0.13 Q-0929 2.0
Q-0852 0.002 0.8 Q-0930 0.001 0.3 0.058
Q-0853 0.03 10 Q-0931 0.2
Q-0854 0.003 0.2 Q-0932 0.7
Q-0855 0.001 0.1 Q-0933 0.2
Q-0856 0.004 1.1 Q-0934 0.3
Q-0857 0.003 0.8 Q-0935 1.6
Q-0858 0.044 Q-0936 0.2
Q-0859 0.02 8.3 Q-0937 0.004 0.8 0.13
Q-0860 1.0 Q-0938 0.1
Q-0861 0.4 Q-0939 0.083
Q-0862 10 Q-0940 0.8
Q-0863 0.6 Q-0941 0.001 0.3 0.013
Q-0865 0.1 Q-0942 9.1
Q-0866 6.7 Q-0943 0.002 0.018 0.038
Q-0867 0.002 0.4 0.07 Q-0944 0.001 0.028 0.036
Q-0868 10 Q-0945 1.0
Q-0869 0.1 Q-0946 1.1
Q-0870 0.3 Q-0947 1.0
Q-0871 4.0 Q-0948 0.001 0.1 0.053
Q-0872 10 Q-0949 0.2
Q-0873 10 Q-0950 6.2
Q-0874 1.1 Q-0951 0.002 0.4 0.045
Q-0875 0.076 Q-0952 0.001 0.3 0.083
Q-0876 0.088 Q-0953 0.001 0.058 0.021
Q-0877 0.2 Q-0954 9.0
Q-0878 0.8 Q-0955 10
Q-0879 10 Q-0956 0.001 0.086 0.014
Q-0880 0.087 Q-0957 1.0
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TABLE 24-continued TABLE 24-continued
hTR-FRET  SK-N-BE(2) hPBMC TR FRET hTR-FRET  SK-N-BE(2) hPBMC TR FRET
IC50 1C50 1C50 Kd IC50 IC50 1C50 Kd
Compound (M) (M) (HM) @M) Compound (uM) (M) (M) @M)
Q-0958 10 Q-1031 2.3
Q-0959 1.0 Q-1032 10
Q-0960 0.2 Q-1033 0.008 0.4 0.26
Q-0961 0.7 Q-1034 0.002 0.2 0.16
Q-0962 0.3 Q-1035 0.1
Q-0963 4.0 Q-1036 0.07
Q-0964 8.9 Q-1037 0.071
Q-0965 0.1 Q-1038 0.002 0.3 0.34
Q-0966 13 Q-1039 0.3
Q-0967 19 Q-1040 0.3
Q-0968 0.4 Q-1041 0.001 0.046 0.028
Q-0969 0.001 0.2 0.16 Q-1042 1.0
Q-0970 0.4 Q-1043 14
Q-0971 7.2 Q-1044 1.0
Q-0972 0.001 0.065 0.014 Q-1045 0.1
Q-0973 0.001 0.7 0.08 Q-1046 0.001 0.1 0.083
Q-0974 0.1 Q-1047 0.001 0.2 0.066
Q-0975 13 Q-1048 0.001 0.2 0.05
Q-0976 1.1 Q-1049 0.002 0.072 0.025
Q-0977 0.001 0.5 0.086 Q-1050 14
Q-0978 0.001 0.081 0.059 Q-1051 0.001 0.053 0.027
Q-0979 14 Q-1052 0.001 0.044 0.083
Q-0980 13 Q-1053 0.001 0.2 0.23
Q-0981 14 Q-1054 0.001 0.028 0.06
Q-0982 10 Q-1055 0.001 0.7 0.16
Q-0983 10 Q-1056 0.003 0.016 0.055
Q-0984 0.4 Q-1057 0.001 0.1 0.067
Q-0985 9.2 Q-1058 0.002 0.093 0.15
Q-0986 0.002 0.7 0.11 Q-1059 0.002 13 2.1
Q-0987 1.1 Q-1060 0.002 0.2 0.22
Q-0988 0.069 Q-1061 0.003 0.4 0.21
Q-0989 0.9 Q-1062 0.001 0.1 0.097
Q-0990 0.2 Q-1063 0.002 0.055 0.12
Q-0991 0.1 Q-1064 0.002 0.2 0.22
Q-0992 0.003 0.8 0.098 Q-1065 0.001 0.058 0.074
Q-0993 0.003 1.1 0.16 Q-1066 0.001 0.3 0.082
Q-0994 3.0 Q-1067 0.002 0.1 0.16
Q-0995 0.002 0.6 0.18 Q-1070 0.002 0.20
Q-0996 19 Q-1071 0.006 0.032
Q-0997 1.0 Q-1072 0.002 0.055
Q-0998 0.001 0.3 0.092 Q-1073 0.003 0.055
Q-0999 0.2 Q-1074 0.001 0.022
Q-1000 0.9 Q-1075 0.002 0.017
Q-1001 1.8 Q-1076 0.001 0.035
Q-1002 3.4 Q-1077 0.005 0.16
Q-1003 0.001 0.1 0.051 Q-1078 0.005 0.036
Q-1004 3.1 Q-1079 0.003 0.074
Q-1005 0.001 0.3 0.1 Q-1080 0.002 0.025
Q-1006 14 Q-1081 0.002 0.13
Q-1007 0.001 0.5 0.12 Q-1082 0.004 0.12
Q-1008 0.3 Q-1083 0.001 0.068
Q-1009 2.0 Q-1084 0.002 0.013
Q-1010 4.0 Q-1085 0.001 0.063
Q-1011 0.8 Q-1086 0.001 0.084
Q-1012 13 Q-1087 0.002 0.029
Q-1013 15 Q-1088 0.004 0.29
Q-1014 14 Q-1089 0.003 0.35
Q-1015 0.4 Q-1090 0.001
Q-1016 24 Q-1091 0.002 0.13
Q-1017 0.3 Q-1092 0.001 0.33
Q-1018 0.7 Q-1093 0.001 0.095
Q-1019 0.4 Q-1094 0.001 0.099
Q-1020 0.002 0.3 0.20 Q-1095 0.001 0.027
Q-1021 1.0 Q-1096 0.001 0.018
Q-1022 0.002 0.1 0.041 Q-1097 0.001 0.024
Q-1023 0.7 Q-1098 0.001 0.21
Q-1024 0.001 0.3 0.056 Q-1099 0.001 0.06
Q-1025 1.2 Q-1100 0.001 0.031
Q-1026 1.7 Q-1101 0.001 0.041
Q-1027 3.1 Q-1102 0.001 0.058
Q-1028 1.1 Q-1103 0.001 0.10
Q-1029 1.0 Q-1104 0.003 0.11

Q-1030 3.1 Q-1105 0.001 0.018
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TABLE 24-continued TABLE 24-continued
hTR-FRET  SK-N-BE(2) hPBMC TR FRET hTR-FRET  SK-N-BE(2) hPBMC TR FRET
IC50 1C50 1C50 Kd IC50 IC50 1C50 Kd
Compound (M) (M) (HM) @M) Compound (uM) (M) (M) @M)
Q-1106 0.001 0.093 Q-1179 0.002 0.11
Q-1107 0.001 0.058 Q-1180 0.002 0.047
Q-1108 0.001 0.05 Q-1181 0.002 0.011
Q-1109 0.001 0.046 Q-1182 0.001 0.048
Q-1110 0.002 0.043 Q-1183 0.004 0.11
Q-1111 0.001 0.015 Q-1184 0.002 0.037
Q-1112 0.001 0.037 Q-1185 0.001 0.11
Q-1113 0.001 0.016 Q-1186 0.001 0.036
Q-1114 0.001 0.024 Q-1187 0.004 0.19
Q-1115 0.001 0.045 Q-1188 0.006 0.29
Q-1116 0.001 0.076 Q-1189
Q-1117 0.001 0.02 Q-1190 0.01 0.059
Q-1118 0.001 0.11 Q-1191 0.001 0.02
Q-1119 0.002 0.37 Q-1192 0.001 0.04
Q-1120 0.001 0.097 Q-1193 0.007 0.16
Q-1121 0.001 0.07 Q-1194 0.002 0.06
Q-1122 0.001 0.025 Q-1195 0.002 0.047
Q-1123 0.001 0.057 Q-1196 0.003 0.052
Q-1124 0.001 0.035 Q-1197 0.003 0.026
Q-1125 0.006 0.1 Q-1198 0.001 0.017
Q-1126 0.001 0.048 Q-1199 0.001 0.029
Q-1127 0.001 0.015 Q-1200 0.001 0.15
Q-1128 0.002 0.048 Q-1201 0.001 0.069
Q-1129 0.002 0.05 Q-1202 0.005 0.26
Q-1130 0.001 0.057 Q-1203 0.006 0.18
Q-1131 0.001 0.027 Q-1204 0.001 0.017
Q-1132 0.001 0.04 Q-1205 0.003 0.035
Q-1133 0.002 0.022 Q-1206 0.001 0.07
Q-1134 0.003 0.025 Q-1207 0.001 0.029
Q-1135 0.01 0.045 Q-1208 0.001 0.061
Q-1136 0.002 0.014 Q-1209 0.001 0.92
Q-1137 0.003 0.16 Q-1210 0.002 0.084
Q-1138 0.02 0.36 Q-1211 0.01 0.16
Q-1139 0.02 0.42 Q-1212 0.001 0.013
Q-1140 0.008 0.23 Q-1213 0.003 0.89
Q-1141 0.001 0.019 Q-1214 0.006 1.0
Q-1142 0.001 0.075 Q-1215 0.001 0.017
Q-1143 0.003 0.31 Q-1216 0.001 0.046
Q-1144 0.001 0.07 Q-1217 0.003 0.27
Q-1145 0.003 0.19 Q-1218 0.003 0.13
Q-1146 0.005 0.38 Q-1219 0.001 0.079
Q-1147 0.007 0.52 Q-1220 0.001 0.022
Q-1148 0.01 0.54 Q-1221 0.001 0.037
Q-1149 0.005 0.21 Q-1222 0.001 0.025
Q-1150 0.001 Q-1223 0.003 0.024
Q-1151 0.008 0.31 Q-1224 0.009 0.37
Q-1152 0.008 0.38 Q-1225 0.001 0.029
Q-1153 0.008 0.63 Q-1226 0.007 0.41
Q-1154 0.005 0.35 Q-1227 0.001 0.014
Q-1155 0.01 0.27 Q-1228 0.001 0.017
Q-1156 0.006 0.11 Q-1229 0.002 0.1
Q-1157 0.004 0.49 Q-1230 0.01 0.18
Q-1158 0.002 0.13 Q-1231 0.003 0.062
Q-1159 0.02 0.60 Q-1232 0.001 0.056
Q-1160 0.003 0.11 Q-1233 0.001 0.023
Q-1161 0.003 0.31 Q-1234 0.002 0.027
Q-1162 0.001 0.095 Q-1235 0.005 0.018
Q-1163 0.002 0.068 Q-1236 0.006 0.048
Q-1164 0.001 0.037 Q-1237 0.003 0.70
Q-1165 0.006 0.19 Q-1238 0.002 0.079
Q-1166 0.005 0.02 Q-1239 0.002 0.027
Q-1167 0.01 0.081 Q-1240 0.001 0.035
Q-1168 0.003 0.058 Q-1241 0.002 0.02
Q-1169 0.001 0.077 Q-1242 0.005 0.032
Q-1170 0.001 0.16 Q-1243 0.02 0.051
Q-1171 0.01 0.14 Q-1244 0.001 0.036
Q-1172 0.003 0.18 Q-1245 0.001 0.026
Q-1173 0.02 0.29 Q-1246 0.004 0.10
Q-1174 0.001 0.022 Q-1247 0.002 0.15
Q-1175 0.02 0.45 Q-1249 0.002 0.046
Q-1176 0.009 0.28 Q-1250 0.001 0.024
Q-1177 0.009 13 Q-1251 0.05

Q-1178 0.009 2.6 Q-1254 0.1 0.87
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hTR-FRET ~ SK-N-BE(2)  hPBMC TR FRET hTR-FRET  SK-N-BE(2)  hPBMC TR FRET
1C50 1C50 1C50 Kd 1C50 1C50 1C50 Kd
Compound  (uM) (uM) (uM) (M) Compound (M) (uM) (uM) (M)
Q-1255 0.1 0.58 Q-1840 0.003
Q-1256 0.03 0.33 Q-1841 0.001 0.087
Q-1259 0.1 0.36 Q-1842 0.001 0.15
Q-1260 0.03 0.081 Q-1845 0.002
Q-1263 0.1 0.37 Q-1846 0.001 0.17
Q-1266 0.2 Q-1847 0.001 0.064
Q-1269 0.005 0.053 Q-1848 0.001 0.21
Q-1288 0.008 0.60 Q-1857 0.001 0.15
Q-1289 0.002 0.07 Q-1858 0.001 0.26
Q-1291 0.2 2.4 Q-1859 0.001 0.16
Q-1292 5.0 Q-1861 0.001 0.098
Q-1295 2.4 Q-1862 0.002 0.25
Q-1296 0.6 Q-1864 0.004
Q-1301 0.01 0.82 Q-1866 0.002 0.08
Q-1305 0.1 12 Q-1875 0.001 0.11
Q-1306 0.5 Q-1876 0.001 0.11
Q-1311 5.0 Q-1882 0.002 0.092
Q-1313 5.0 Q-1884 0.001 0.084
Q-1320 0.02 Q-1885 0.01
Q-1322 0.4 Q-1886 0.002 0.11
Q-1341 5.0 Q-1889 0.001 0.036
Q-1343 0.07 Q-1925 0.001 0.17
Q-1344 0.009 0.32 Q-1932 0.003 2.7
Q-1345 1.4 Q-1984 0.001
Q-1346 0.05 Q-1985 0.002
Q-1362 0.001 0.043 Q-2007 0.001
Q-1365 1.0 Q-2008 0.002 0.30
Q-1483 0.03 Q-2009 0.002 0.37
Q-1535 0.001 0.11 Q-2016 0.001 0.045
Q-1539 0.004 0.78 Q-2017 0.002 0.17
Q-1558 0.002 0.092 Q-2031 0.003
Q-1560 0.8 Q-2032 0.006
Q-1563 5.0 Q-2041 0.003
Q-1564 5.0 Q-2043 0.005
Q-1565 5.0 Q-2048 0.004
Q-1581 0.004 0.17 Q-2054 0.004
Q-1591 0.003 0.11 Q-2055 0.007
Q-1597 5.0
Q-1641 5.0
Q-1728 0.001 0.086
Q-1794 0.002 0.25 Example 955—Behavioral Pharmacology Models
Q-1796 0.001 0.26
8'33; 8'885 0.079 [0954] Compounds were tested in standard behavioral
Q-1799 0.001 0.10 pharmacology models for pain in rats as described in the
Q-1800 0.002 literature (see, e.g., Latremoliere et al., Neuron, 86:1393-
Q-1801 0.002 1406 (2015); Tegeder et al., Nature Medicine, 12:1269-1277
8'}28‘; 8'88? 013 (2006)). Compounds were administered by oral gavage to
Q-1807 0.001 011 rats that had qndergone one of two nerve injury surgeries:
Q-1814 0.002 spared nerve injury to injure two of the three peripheral
Q-1815 0.002 branches of the sciatic nerve (SNI, Decosterd et al., Pain,
Q1318 0.001 0.095 87:149-158 (2000)) or chronic constriction injury of the
Q-1819 0.001 0.091 S . ]
Q-1820 0.001 0.094 sciatic nerve (CCI, Bennett et al., Pau}, 33.87-107. (1988)).
Q-1821 0.001 0.13 Paw withdrawal thresholds to mechanical stimulation using
Q-1822 0.001 0.12 calibrated von Frey filaments were used as measurement of
8'}353 8'88% 0.11 neuropathic pain-like behaviors. Effect on pain behavior in
Q-1825 0.002 these models is provided in Table 25.
Q-1826 0.002
Q-1827 0.001 TABLE 25
Q-1829 0.002
Q-1830 0.002 Be- Behavior
Q-1831 0.003 havior Signif-
Q-1832 0.003 Com- Dose  Dosin Behavior  Time icant
g
Q-1833 0.001 pound Model (mpk) Schedule Endpoint  Point effect
Q-1834 0.001
Q-1835 0.004 Q-1127  SNI 20 QD 3 days mechanical 4 hrs yes
Q-1836 0.001 0.27 Q-1133 CCI 10 QD 3 days mechanical 4 hrs yes
Q-1837 0.001 Q-1169  CCI 9.5 QD 3 days mechanical 4 hrs yes
Q-1838 0.001 0.17 Q-1195 SNI 15 QD 3 days mechanical 4 hrs yes
Q-1839 0.002 Q-1204  SNI 10 QD 3 days mechanical 4 hrs yes
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TABLE 25-continued

Be- Behavior

havior Signif-
Com- Dose  Dosing Behavior  Time icant
pound Model (mpk) Schedule Endpoint  Point effect
Q-1242  SNI 10 QD 3 days mechanical 4 hrs yes
Q-1245 CCI 9.5 QD 3 days mechanical 4 hrs yes

mpk = mg per kg
QD 3 days = daily for 3 days

[0955] The present invention is described in connection
with preferred embodiments. However, it should be appre-
ciated that the invention is not limited to the disclosed
embodiments. It is understood that, given the description of
the embodiments of the invention herein, various modifica-
tions can be made by a person skilled in the art. Such
modifications are encompassed by the claims below.

1. A compound of formula I or I', or a pharmaceutically
acceptable salt thereof:

@
(€]

PN

|Z' NR® 0
Y A~

X It NR*R*

I
o @

|')\N )
Ny I NRIR#

wherein:

=== is an optional double bond;

Z is CR' or NR', or if the double bond is present, then Z
is CR' or N;

Y is NR? or CR?, or if the double bond is present, then Y
is N or CR?;

X is N or CR?%;

R' and R?, taken together with the atoms to which they are
attached form a 4-, 5-, 6-, or 7-membered ring; or

R! and R? are independently selected from the group
consisting of H, C, salkyl, C; scycloalkyl, C, sha-
loalkyl, and halo;

R®> and R>“ are independently selected from the group
consisting of H and C,_salkyl;

L is  heteroaryl-C, salkylene-, aryl-C, salkylene-,
—S—C, salkylene-aryl, —S—C, salkylene-het-
eroaryl, —C, salkylene-S-aryl, or —C, salkylene-S-
heteroaryl;

R? and R*, taken together with nitrogen atom to which
they are attached form a 3-, 4-, 5-, 6-, or 7-membered
monocyclic ring or 6-, 7-, 8-, 9-, 10-, 11-, 12-, 13-, or
14-membered spiro, fused, and/or bridged polycyclic
(e.g., bicyclic) ring; or

R? is selected from the group consisting of H, C,_salkyl,
C,_ocycloalkyl, C, shaloalkyl, aryl, heteroaryl, and
C, _salkylene-G,

R* is selected from the group consisting of C,_ salkyl,
C,_ocycloalkyl, C, shaloalkyl, aryl, heteroaryl, and
C, _salkylene-G; and

each G is independently selected from the group consist-
ing of CN, aryl, heteroaryl, cycloalkyl, and heterocy-
cloalkyl with the proviso that the compound of formula
1 is not a compound having a structure as recited in
Table D.

2.-44. (canceled)

45. A compound of formula II or IT', or a pharmaceutically

acceptable salt thereof:

¥

OH

NZ | 0
X )j\
)\N 17 NROR?

wherein L is heteroaryl or aryl; and

R? is selected from the group consisting of H, C, salkyl,
C,_;,cycloalkyl, C, shaloalkyl, aryl, heteroaryl, and
C, _salkylene-G;

R* is selected from the group consisting of C,_ salkyl,
C,_ocycloalkyl, C, shaloalkyl, aryl, heteroaryl, and
C, _salkylene-G; or

R? and R*, taken together with the nitrogen atom to which
they are attached form a 3-, 4-, 5-, 6-, or 7-membered
monocyclic ring or a 6-, 7-, 8-, 9-, 10-, 11-, 12-, 13-, or
14-membered spiro, fused, or bridged bicyclic ring, and

each G is independently selected from the group consist-
ing of CN, aryl, heteroaryl, cycloalkyl, and heterocy-
cloalkyl.

46. A compound of formula III or IIT', or a pharmaceuti-

cally acceptable salt thereof:

an

NR’R*
I

(I

(I

wherein:

=== is an optional double bond;

Z is CR* or NR*, or if the double bond is present, then Z
is CR' or N;
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Y is CR? or NR?, or if the double bond is present, then Y
is CR? or N;

X is CH or N;

R! and R? are independently selected from the group
consisting of H, C, salkyl, C; scycloalkyl, C, sha-
loalkyl, and halo; or

R' and R?, taken together with the atoms to which they are
attached form a 5- to 6-membered ring;

R® is selected from the group consisting of H and
Cy.salkyl;

L is  heteroaryl-C, salkylene-, aryl-C, salkylene-,
—S—C, salkylene-aryl, —S—C, salkylene-het-
eroaryl, —C, salkylene-S-aryl, or —C, salkylene-S-
heteroaryl;

A is selected from the group consisting of
(6]
(0]
(€]
e
on’ ’
(€] (€]
2}\0/’ 2}\0/\’
(€]
2‘\ J<, —DBr,
O
o O
\/
}{ ‘O\
CF3,
_NH
N
, and
(6]
CF;
CF3;

Apr. 6,2017

with the proviso that the compound is not

(@]
| NH
)\ 0]
T
N
O—\
(@]
]
)\ 0
T
N
O—\
(@]
NH

pa
E
e}

OH
IS
| N NIL
)\ (0]
A
N
O—\
(@]
| NH
= 0]
A
N
[¢]
\, or
OH
(]
)\ (0]
T
N
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47. A compound of formula IV or IV', or a pharmaceu-

tically acceptable salt thereof:

av)

0
RITIJI\NH
e 6
\N/ /\\/(R Dn

avn

OH
A,

RiC
Y )\ (R,
SN N

D spé
Nl > NR3R

\Q\[(

0
wherein:

=== is an optional double bond;

Y is NR?, or if the double bond is present, then Y is CR?;

R' and R?, taken together with the atoms to which they are
attached form a S-membered ring;

nis 0or1;

each RS is selected from the group consisting of C,_salkyl,
C,_scycloalkyl, C, _shaloalkyl, halo, and benzyl;

Qis CH, CR®, or N;

R? and R*, taken together with nitrogen atom to which
they are attached form a 3-, 4-, 5-, 6-, or 7-membered
monocyclic ring or 6-, 7-, 8-, 9-, 10-, 11-, 12-, 13-, or
14-membered spiro, fused, or bridged bicyclic ring.

48.-60. (canceled)

61. A compound of formula V or V', or a pharmaceutically

acceptable salt thereof:

V)

V)

Apr. 6,2017
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wherein:
=== is an optional double bond;
Y' is N, or if the double bond is present, then Y* is C;

C
Yl

is a S-membered ring;

nisOorl;

each RS is selected from the group consisting of C, _salkyl,
C,_scycloalkyl, C, shaloalkyl, halo, and benzyl;

Q is CH, CRS, or N;

R? and R?, taken together with nitrogen atom to which
they are attached form a 3-, 4-, 5-, 6-, or 7-membered
monocyclic ring or 6-, 7-, 8-, 9-, 10-, 11-, 12-, 13-, or
14-membered spiro, fused, and/or bridged polycyclic
ring.

62. The compound of claim 61, wherein

&
Yl

is a pyrrole ring, a cyclopentene ring, a thiophene ring, a
dihydrofuran ring, a pyrazole ring, a thiazole ring, or an
imidazole ring.

63. The compound of claim 61, wherein
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O OH
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O OH
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N\/| NH N\/l N
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-continued 65. The compound of claim 61, wherein
O
O
NH
P d == NH
N '
’ F \ NQ A
N
is or
OH OH
x N CH\N
7 N\~
. \N)><
O
/ NE 66. The compound claim 61, wherein
N N/ O
J , and
OH <:6}\NH
=
/ AN N
| or
N F OH

67. The compound of claim 64, wherein

' 26 (R,
is N or
or is I|\1§ ,> | \
Q Nae.
(€] OH ®S),
= NH C')\N }{N \
\ | '
N N\
\N)ﬁ \N)}i by
o o 68. The compound of claim 61, wherein
NH N }{
(R,
= Z N/\\
N)>< N)>ﬁj]\ | /\>
, or , N 7
§Q><

and is optionally substituted with one to four substituents
selected from the group consisting of F, Cl, and C, jalkyl.
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is selected from the group consisting of 69. The compound of claim 68, wherein

ot

A4y

FA

LR {
QQ’ . S5
18 or

70. The compound of claim 61, wherein R* and R*, taken
together with nitrogen atom to which they are attached form
a 3-, 4-, 5-, 6-, or 7-membered ring.

71. The compound of claim 70, wherein the 3-, 4-, 5-, 6-,
or 7-membered ring is piperidinyl, pyrrolidinyl, azetidinyl,
piperazinyl, morpholinyl, thiomorpholinyl, aziridinyl,
oxaziridinyl, imidazolidinyl, pyrazolidinyl, oxazolidinyl,
isoxazolidinyl, thiazolidinyl, isothiazolidinyl, azepanyl,
diazepanyl, or diazabicycloheptane.

72. The compound of claim 61, wherein

CF;
Il‘I T AN ) )
N N
’ NR*R* N
%‘\ is K/}(an,
0
KAL) K
I|\I I|\I \ N/\ /W
N i Nawo , K/NRQ
Cl 0
N
>{T N\ ><T N\ }%‘\ /\—<R7>m, or
N , NQN 0]
Cl
/177%‘\ N\;\—mm

Z_:A
Vi
i

and

mis 0, 1, 2, or 3;

R” and R® are each independently selected from the group
consisting of halo, C,_salkyl, C;_scycloalkyl, heterocy-
cloalkyl, C, _shaloalkyl, C, _shaloalkylene-OH,
C, salkylene-CN, C, .alkoxy, C, shaloalkoxy, aryloxy,
heteroaryloxy, CN, OH, —NHR®, —NR®CO,R*
—SO,R®, —CO,R® —CONHR?, aryl, and heteroaryl,
or

two R” groups, together with the carbon atom(s) to which
they are attached, form a 3-, 4-, 5-, 6-, 7-, or 8-mem-
bered cycloalkyl, a 3-, 4-, 5-; 6-, 7-, or 8-membered
heterocycloalkyl, aryl, or a 5- or 6-membered het-
eroaryl ring; and

R® and R®* are each independently selected from the
group consisting of H, C, salkyl, —C,_salkylene-aryl,
and —C,_salkylene-heteroaryl; or
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one R” group and R®, together with the atoms to which
they are attached, form a 5- or 6-membered heterocy-
clic or heteroaryl ring.

73. The compound of claim 61, wherein

;g ;&@
%d %*&

R” and R? are each independently selected from the group
consisting of halo, C,_salkyl, C;_scycloalkyl, heterocy-
cloalkyl, C, _shaloalkyl, C, _shaloalkylene-OH,
C, salkylene-CN, C, .alkoxy, C,_shaloalkoxy, aryloxy,
heteroaryloxy, CN, OH, —NHR®, —NR®CO,R*
—SO,R?, —CO,R® —CONHRS, aryl, and heteroaryl;
and

R® and R®*® are each independently selected from the
group consisting of H, C, salkyl, —C,_salkylene-aryl,
and —C,_salkylene-heteroaryl.

74. The compound of claim 73, wherein R” or R® is

selected from the group consisting of C;_scycloalkyl, het-
erocycloalkyl, aryloxy, heteroaryloxy, aryl, and heteroaryl.

75. The compound of claim 74, wherein R is oxazolyl or
pyridinyl, each of which is optionally substituted with CN or
F.

76. The compound of claim 75, wherein R” is selected
from the group consisting of

/N XN
CN, ,
oS - .
F
\ F.
| A

77. The compound of claim 74, wherein R® is C,_cy-
cloalkyl.

78. The compound of claim 77, wherein R® is cyclopropyl
or cyclobutyl, each of which is optionally substituted with 1,
2,3, or 4 F atoms.

79. The compound of claim 78, wherein R is selected
from the group consisting of

80. The compound of claim 61, wherein the compound is
(€]
HN%
) NN
™ N
/Y
N =N

N—
\ O
% o

N
on
NZ N
; PP
~ N
N N~

or a pharmaceutically acceptable salt thereof.

81. The compound of claim 61, wherein the compound is

=N

N or
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OH
NZ N\
9 PPV
A N
Y
N —N

N s

or a pharmaceutically acceptable salt thereof.

82. The compound of claim 61, wherein the compound is

%ﬁiﬁ@
|
(\ =

N

F
F or
OH
Q )\ N /
i
(\N =N
N
F
| :

or a pharmaceutically acceptable salt thereof.

83. The compound of claim 61, wherein the compound is

o /Nx\b

|
N

7 :

Apr. 6,2017
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OH

NZ N

: PP

N N

N —N

or a pharmaceutically acceptable salt thereof.

84. The compound of claim 61, wherein the compound is

or a pharmaceutically acceptable salt thereof.

85. The compound of claim 61, wherein the compound is

or




US 2017/0096435 Al Apr. 6,2017
442
-continued administering to the subject a therapeutically effective
amount of the compound of claim 61.
91.-97. (canceled)
E N NN 98. The compound of claim 64, wherein
/Ny

e |
N _=N

or a pharmaceutically acceptable salt thereof.
86. The compound of claim 61, wherein the compound is

HN ==
O )\
X N
/7 N7
N =

N
F
F or
OH
N/ —
: PP
N N
/T
(\N F
)
F

or a pharmaceutically acceptable salt thereof.

87.-88. (canceled)

89. A method of inhibiting sepiapterin reductase (SPR)
comprising contacting SPR with the compound of claim 61
in an amount effective to inhibit SPR.

90. A method of treating a subject suffering from pain,
inflammation, or an immunological disorder, comprising

[ax kAR S

Il\I\ /
or

99. The compound of claim 69, wherein

;& %@
%d %*&

R” and R® are each independently selected from the group
consisting of halo, C,_salkyl, C;_scycloalkyl, heterocy-
cloalkyl, C, _shaloalkyl, C, _shaloalkylene-OH,
C,_salkylene-CN, C, salkoxy, C,_shaloalkoxy, aryloxy,
heteroaryloxy, CN, OH, —NHR®, —NR®*CO,R?¢,
—SO,R® —CO,R® —CONHR?, aryl, and heteroaryl;
and

>

R® and R®*® are each independently selected from the
group consisting of H, C, salkyl, —C,_salkylene-aryl,
and —C,_salkylene-heteroaryl.

#* #* #* #* #*



